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ENTOMOLOGY IN SEARCH OF A SOUL 


MELVILLE H. HATCH! 
Department of Zoology, University of Washington 
Seattle, Washington 


The theme of my paper is the role of certain aspects of pure en- 
tomology, especially amateur entomology, in American entomology 
as a whole. As a result of the union of our two erstwhile separate 
organizations, some of America’s leading students of insects are with- 
drawing from the new national organization. The present paper 
attempts to explore some of the sources of this discontent and to sug- 
gest what may be done. 

My basic assumption is that entomology is essentially a unified 
science. Diverse and complicated as entomological phenomena are, 
various as may be the different motives for taking up the study of 
insects, ramifying as are the contacts of entomology with the other 
arts and sciences, the science of insects is basically a single field with 
each of its parts contributing to the whole. Such schizmatic ten 
dencies as there are in the field are pathological and can be remedied 
It was in this faith that I have supported “amalgamation” since it: 
first proposal, in the belief that we are more likely to achieve unity if 
we talk together in one brotherhood than if we glare at each other 
across a boundary of ideological differences 

The science of entomology is no recent upstart. Almost as old as 
modern science itself, it arose in the latter portion of the sixteenth 
century in western Europe as an integral part of an awakening interest 
in nature. It developed in connection with a deep feeling that thi 
world was a manifestation of the power and glory of the Deity and 
that man, in studying nature, was privileged to follow in the footstep 
of the Creator and to partake of something of the joy and beauty of 
the creation. For three hundred years this delight was the prim 
impulse behind entomological studies. There is, for instance, Linnaeus’ 
eloquent quotation from Psalms (104:24) opposite the title page oO 
his Systema Naturae in the mid-eighteenth century 

Oh Jehovah! 

How great are your works! 

How wisely you have fashioned them! 
How extensive is your domain! 


{ 


'Given at a Symposium on Taxonomy at the Annual Meeting of the Entomo 
logical Society of America at Los Angeles, Dec. 7, 1953 
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And there is the concern of Kirby and Spence, good churchmen 
that they were, in their four volume textbook of entomology issued 
about 1825, lest entomologists become so preoccupied with the mar- 
velous nature of the insects that they neglect the sublimity of the 
creative agency behind them! 

I do not, of course, assert that all the entomologists of these years 
were the enthusiastic deists that some of their seventeenth and eigh- 
teenth century predecessors had been, but they were moved primarily 
by an intrinsic love for the objects of their study that was akin to that 
of the artist for the work of art. One cannot, for instance, look at the 
beautiful plates of Donovan in his Natural History of British Insects, 
published about 1800, or those of John Curtis in his British Entomology, 
of about 1830, without realizing something of the attitude towards 
nature in the society that made such works of entomology possible 

Entomology arose in part as the activity of men on the faculties 
of universities or academies under governmental patronage, like 
Aldrovandus at Bologna and Linnaeus at Upsala. As frequently, 
however, it took the form of avocational activity by professional men 
such as physicians and lawyers, by men in governmental positions, 
like Mannerheim, who was governor of Finland, and by men of wealth 
and leisure. Lastly, as the movement grew, it was pursued by persons 
in very ordinary circumstances, who found in natural history the 
same sort of recreation that so many persons nowadays find in stamp 
collecting. Such amateur activity frequently led to the formation of 
insect collections and sometimes to the rearing of living insects, with 
the occasional person intensifying his studies to the point where he 
published his findings in books or journals. Even the pioneer work in 
economic entomology tended to be on an avocationél level. In evidence 
of this may be cited T. W. Harris’ Report on the insects of Massachusetts 
Injurious to Vegetation, published in 1841, and Eleanor Ormerod’s 
studies of injurious insects in the late nineteenth century in England. 
Harris was librarian of Harvard College, and Miss Ormerod, one of 
the founders of economic entomology in Great Britian, was a maiden 
lady of independent means 

There is widespread testimony to the general decline of avocational 
entomology. In western Europe, however, it still remains a relatively 
vigorous movement. The English entomological journals even yet 
carry notices of public auctions of moths and butterflies. As late as 
the early twenties groups of 30 or 35 amateur coleopterists were getting 
together in central Germany for annual Coleopterologen-Tagen; and 
Paulian reported in the Coleopterists’ Bulletin in 1948 (Vol. II: 42-43) 
that 99% of French entomologists are amateurs, and that a society of 
amateur coleopterists, ‘“The Coleopterists of the Seine’, numbers over 
two hundred members in Paris alone. Further evidence of an interest 
in insects that is much too widespread to be accounted for just by 
professional entomologists is provided by the sorts of publications 
that continually appear in western Europe. At the present time, 
for instance, new books for the identification of the local insect faunas 
are appearing in France, England, Sweden and Denmark. The 
Danmarks Fauna is especially significant. Denmark is a small country 
with about four and a third million inhabitants. Yet it is supporting 
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a work on its fauna in Danish—a minor language—that runs to over 
sixty volumes, a large percentage of them devoted to insects 

Entomological activity of an avocational sort was never as intense 
in the United States and Canada as in Europe. Yet, I venture to 
estimate that most of the systematic studies on insects produced in 
these countries in the nineteenth century and an impressive segment 
of those from the present century were the work of non-professionals 
Ours was a newly settled country inhabited in the early nineteenth 
century by persons most of whose ancestors had been contending for 
several generations against a primitive wilderness $y necessity 
Americans had become a very practical people with little time for the 
purely aesthetic. And it is instructive to note that a good deal of 
the amateurism that did appear was by immigrants of immediate 
European antecedants: British immigrants in Canada and particularly 
German immigrants in the United States. Such persons, the products 
of a more stable culture with more leisure for the enjoyment of the 
beautiful, continued in the New World the interests that they had 
acquired in the Old. But such avocations were not, in general, con- 
tinued by their children, who became fully ‘‘Americanized’’! 

What, then, are some of the factors involved in the decline of 
avocational entomological activity in general and, particularly, in its 
poor showing in America? 

First, there are those general cultural changes that seem to have 
served to decrease such activity even at the center of Western 
Civilization, where it is still relatively strong. Modern studies of 
civilization reveal that it is constantly changing, that no one generation 
is precisely like the last, that styles alter, that parental interests tend 
to be regarded by the children as out of date. I have heard it alleged 
that enthusiasm for athletics in twentieth century Germany tended 
to drive out nature study. And others have mentioned the cinema, 
radio, television, and the automobile in this country as factors which 
may keep persons from an entomological hobby 

Second, as already intimated, there is the need that Americans 
have been under to concern themselves with practical affairs. The 
North American colonies were settled in the seventeenth century, at a 
time when a lively interest in nature was just beginning to develop in 
European circles. Moreover, whatever interests the original settlers 
brought with them were submerged in subsequent generations by the 
task which confronted them of hewing for themselves homes in the 
trackless wilderness. I suggest that this resulted, in the course of 
generations, in that preoccupation of Americans with practical affairs 
for which they are so famous. Somewhat the same course of events 
seems to have unfolded in other areas of northwestern European settle- 
ment: Canada, South Africa, Australia, and New Zealand. Such 
avocational entomological interest as has appeared in these areas has 
been developed in important measure by first generation immigrants 
and has tended to die away as subsequent generations found them 
selves confronted with the task of establishing a new civilization. 

Thirdly, there have been factors arising partly within avocational 
entomology itself which have tended somewhat to diminish it. The 
major form that the avocational study of insects has taken has been 
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the formation of collections and the preparation of publications based 
on the same. Now amateur entomologists, like all men, are mortal. 
The result is that, as the amateurs have died or as they or their heirs 
have lost interest in their collections, there has been, since the eighteenth 
century, a continuous movement of private collections into public or 
semi-public museums. With the growth of the public collections, 
curators have been employed, at first for their care, later for their 
independent development. Finally, with the coming of economic 
entomology, the need for an adequate taxonomic basis for control 
operations has developed, so that, at the present time, the two most 
important groups of insect taxonomists on the North American con- 
tinent are those stationed at Ottawa and at Washington, D. C., in the 
employ of the entomological services of Canada and the United States. 
Museum curators, from whatever source recruited, become preoccupied 
with the development of the collections in their charge. They look 
forward eagerly to the bequest of additional collections in their care, 
but are only mildly or not at all interested in encouraging the formation 
of new private collections by others. Moreover, the very existence of 
a large well-housed public collection may discourage beginners from 
starting collections of their own. With such a splendid collection al- 
ready formed, what can a single individual hope to do by himself? 

My own experience with making my beetle collection illustrates 
several aspects of the process just referred to. I started my collection 
as an undergraduate and graduate student somewhat against the 
adverse view that my efforts along collecting lines should go to the 
strengthening of the collection of the institution at which I was study- 
ing I moved my collection to the number of 150 or 200 insect boxes, 
at considerable trouble and expense, five or six times across country. 
\nd, at the University of Washington, I have seen my collection 
transform into an institutional collection—-a small institutional collec- 
tion, as such collections go, but an institutional collection nevertheless. 
My collection has become so intensive as regards its representation of 
the Northwestern beetle fauna as to be an appreciable deterrent to the 
formation of separate collections. Despite this, howe ver, I have 
tried never to forget the lesson of my own beginning, and to encourag« 
the making of collections by my students. I confess, however, never 
to declining the gift of a collection when one is offered to me! 

A fourth influence tending to discourage entomological amateurs 
has been the appearance of applied entomology. Applied entomology 
arose in the latter portion of the last century as the consequence of 
several factors. One was an increasing tendency to apply experi- 
mental procedures to the investigation of biological problems. Two, 
an advancing science of chemistry made possible the discovery and 
preparation of effective insecticides. Three, an intensified commerce 
was distributing injurious insects widely over the surface of the earth, 


increasing the number of injurious species operating in each area. 
And, four, a developing agriculture accompanying a continually in- 
creasing population made ever more necessary techniques of insect 
control as routine measures in the production of health, food, clothing, 


and _ shelter. 
The new technology was at first manned in important measure by 
ly they had any acquaintance at all with 


avocationalists, because on 
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the insects. Two amateurs, T. W. Harris in America (1841) and John 
Curtis in England (1860) provided two of the important early text 
books in the field. And the first economic entomologists tended to 
be men who had been attracted to the study of insects by their aesthetic 
appeal and only later had become interested in their practical side. 
Or, if they were not themselves drawn into the field from aestheti 
considerations, they early came under the influence of a man who had 
been so attracted. The result was that many of these early generations 
of economic entomologists continued their avocational along with 
their practical studies; and such a situation persists in some entomo- 
logical quarters up to the present time. 

But such a state of affairs is inherently unstable. Applied ento- 
mology is an expanding field. It is progressively ever more absorbing 
and demands increasingly elaborate training on the part of its devotees. 
In addition, it opened up a host of positions far beyond the capacities 
of the small band of avocational entomologists to fill, so that there 
were attracted into its ranks men who became interested in insects 
primarily as a means to earning a living. The final stages in this 
process are reached when the administrators themselves of the applied 
entomological services are men who, from the very beginning of their 
careers, have had no other interest in insects than strictly practical 
ones. Such persons not unnaturally insist that the organizations for 
which they are responsible can operate most efficiently only if the per- 
sonnel apply their full energies strictly to the immediate problems at 
hand. Avocational entomology, theoretically harmless as a leisure 
time pursuit, is so closely related to applied entomology that its de- 
velopment is likely to intrude upon and detract from the main issue. 
In addition, there is no difficulty in calling to mind men who, employed 
in economic investigations, have openly taken time from their jobs 
for non-economic studies. The result is a strong tendency, by example 
if not by precept, to discourage avocation studies. 

Moreover, other factors tend subtly to enter the picture. Th 
man concerned with insects exclusively in their economic aspects, as 
a menace to society, on the one hand, as a means whereby he personall 
is able to earn a living. on the other, frequently tends to fail to appreciate 
or actively to deprecate the point of view that sees in insects neither 
a menace nor a means to earning a living! In exemplification of this 
I cite the director of one of our agricultural experiment stations who, 
in his initial interview with a newly employed entomologist, sought 
assurance that the new man would not be carrying an insect net with 
him when he went to interview farmers! Did our director want his 
new employee to desist from all except narrowly practical activity? 
Or did he have so little faith in his employee’s integrity and judgment 
that he feared he would neglect his duties? Or was he concerned 
about the opinion of his farmer-clientele, which would perhaps feel 
that someone so impractical as to be interested in collecting insects 
could hardly be relied upon to give sound advice in practical agricultural 
matters? 

The overall result of the development of public museums and of 
economic entomology has been that nearly any young man with an 
original avocational interest in insects has been able to find a pro- 
fessional position involving some aspect of entomology. With insects 
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thus becoming his means of livelihood, I suggest that it is not too 
surprising that they tend to fall off as a means of aesthetic satisfaction. 
At any rate, such interests are very likely so to decline unless the 
individual is well advanced in years and well set in his interests and 
attitudes before becoming a professional. 


So far my remarks have attempted to discover and analyze those 
factors that have led to a decline in avocational entomology. I remind 
you of my title: Entomology in Search of a Soul. The soul of ento- 
mology, in my meaning, is an interest in insects for their own sake, 
independent of any practical role that they may play either in the 
life of society or in the life of the individual. My title involves the 
assumption that the soul of entomology is something worth preserving. 

Sut the validity of such an assumption is, by no means, self-evident. 
Perhaps entomology has no soul except as it advances the purely ma- 
terial welfare of man. Perhaps insect study is merely one more tech- 
nique for subjecting nature to human need. Perhaps avocational 
entomology and entomology for its own sake is just a preliminary 
phase in early entomological history, to be looked upon as merely the 
amateur beginning of a science that is now out of its swaddling-clothes 
and operating more and more on a level that is and should be exclu- 
sively professionalized. Or perhaps this sort of entomology is an out- 
dated eighteenth century fad, the pastime of a decadent European 
aristocratic or bourgeoise society. It may even be the sort of activity 
that American capitalist and Marxian communist can both agree is 
socially superfluous—so alike in some respects are these rival ideologies 
of the western world. Perhaps, again, avocational entomology is too 
much tied up with the whims and limitations of uncoordinated indi- 
vidual activity. Perhaps systematic entomology—the form that 
much avocational activity in the field takes—requires such resources 
in terms of books and collections that it is hopeless for isolated indi- 
viduals to do anything effectively with it. At any rate, these are 
some of the main rubrics under which a contrary argument might run. 

Next, I insist that there is no slightest tendency on my part to 
deprecate applied entomology or its importance. Not only this, but 
I, as a taxonomist, have great interest in those aspects of applied 
entomology having to do with the recognition, distribution, dispersal, 
migration, life history, and ecology of injurious insects. Moreover, 
on the far side of toxicology, when insects are developing insecticide- 
resistance and immunity, I am again greatly interested, because I see 
in this insect evolution in action—insects adapting themselves aggres- 
sively to man and his ways! The result is that I maintain extensive 
files of economic literature in connection with my library on the 
Coleoptera 

The study of insects, I insist, is a unified field. It extends from 
an appreciation for and an interest in the beautiful at one extreme to 
the control of food destroying pests and health-threatening vermin on 
the other. I am fully aware of the momentous nature of the issues 
involved in terms of human welfare and happiness. In a very im- 
portant sense, at the present time, one must live in a society that has a 
well-developed entomological technology before one can have the 
security to experience entomology as an end in itself! 
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The argument for the value of entomology for its own sake is de 
rived in part from the general value of avocation or hobby activities 
of all sorts. Americans surely need no convincing on this score; and 
the reference of such entomology, in part, to the same class of activity 
as athletics, stamp collecting, or musical appreciation should be a 
sufficient indication of its status. At this point some professional 
entomologists may protest their serious association with persons for 
whom the study of insects is a hobby. But I insist that this amal- 
gamation of professional and amateur interest is exactly one of the 
things involved in the union of our two societies Moreover, I see no 
reason to recoil from such an association. So far as I am concerned, 
the most important things in the world are things of purely intrinsic 
human concern. The result is that entomology at an avocational 
level is in no least measure inferior to the subject at a practica] pro- 
fessional plane. 

At this point I point ovt that when we speak of avocational and 
amateur entomology we are not talking about “amateurish” entomology! 
Slipshod inadequate performance is no more tolerable at the avocational 
than at the professional level. The possessor of a cigar box of battered 
butterflies is not an entomologist! The amateur may work at his 
entomology fewer hours a week than does the professional; he may 
have a smaller collection of specimens; he may write fewer papers; 
but the quality of his work must fulfill the same exacting standards 
Moreover, not all ‘‘amateurish’’ entomology is confined to amateurs 
I recall receiving on several occasions specimens for identification 
from so-called professional entomologists, men with doctor’s degrees 
in the field, that were prepared in the most miserable fashion 

A second argument for the importance of avocational entomology 
refers to its role in entomology as a whole. One of the objectives of 
our science is to make known the insect fauna of the world. With the 
attention of the majority of professional entomologists directed to 
economic problems, only a few remain to study the insect fauna. The 
labors of an enthusiastic group of properly trained amateurs would 
much increase the rate and the thoroughness with which our fauna 
might become known. And, since applied entomology is now realized 
to be tied in with general systematic studies, even it stands to benefit 
from avocational work 

At this point I say a few words about the entomological position of 
persons like myself: professors and museum curators. We are gener- 
ally considered to be professional entomologists rather than avocational 
ones, and yet much of our allegiance is with the amateur. We are 
employed primarily to teach students or to care for collections How 
ever, if we are connected with one of the more fortunate and more 
enlightened institutions, we have the opportunity and are expected to 
engage in research studies of some sort, and frequently we are granted 
important funds to aid in their prosecution. To the extent that we 
are expected to engage in some research, our position is the same as the 
entomologists employed in an experiment station or a government 
laboratory, except that we have only part of our time for research 
whereas they have all of theirs. But in another respect the position of the 
two groups is profoundly different. The man in the experiment station 
has his problems assigned to him by others. The professor or thi 
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museum curator is typically able himself to select the problems to 
which he directs his attention and to do this with all the freedom of one 
for whom entomology is purely an avocation. In spirit such men are 
avocational entomologists, and many of the things I am saying apply 
to the entomological work of this group as much as to the ‘‘simon-pure”’ 
avocationalists, namely, those who earn their living in some completely 
non-entomological activity. The point is important, because some of 
the keenest opposition to amalgamation has come from men in the 
position just described. They apparently feel that their freedom to 
discuss and promote the sort of entomology to which they are dedicated 
is likely to be impaired by the preponderance of economic men in the 
organization. For my part, I am sure that this will not happen, that 
the larger organization enables each of entomology’s diverse activities 
and interests to be carried on more effectively than before. 


I now come to the concluding section of my paper: a consideration 
of what may be done to promote the avocational studies, the nature 
and justification of which we have so far been examining 

We must recognize, of course, that in so far as the decline of 
avocational entomology is part of a wide-spread cultural change, it 
may be something that we may not be able to do very much about 
After all, this is the twentieth century rather than the eighteenth, and 
it would be futile to try to resurrect the culture-pattern of a former 
age even if we wanted to 

Our efforts to encourage avocational entomology are based on two 
premises. One, avocational entomology, even though declining, is 
still an active movement in western Europe. Two, as American 
culture matures, there may well come to exist here in increasing measure 
the factors which, in western Europe, still make considerable avoca- 
tional entomology possible. Moreover, there may be peculiar factors 
here which, if properly handled, might result in an increase of avoca- 
tional activity even in America 

First, let us look to our own Entomological Society to make sure 
that it holds out a cordial welcome to the amateur. Do we see that 
avocational entomology is regularly represented on our executive, 
editorial, and other major society-wide committees? Moreover, it 
might stimulate interest if a few pages in our News Letter were turned 
over to the amateurs, possibly under the sub-editorship of an amateur 
Gathering news about amateurs and their activities might serve to 
increase such interest. Perhaps this means might likewise be used 
to keep in touch with local entomological clubs that do not have an 
independent publication of their own. Moreover, occasional pages 
in one of our journals should be open to notes and papers for or by 
amateurs. I once had a note turned down by the editor of the Annals 
on the grounds that only longer papers were appropriate to that medium! 
I am aware that the Lepidopterists’ News is now providing an outlet 
for the moth and butterfly enthusiasts, but avocational entomology is 
not limited to the study of Lepidoptera. 

Sessions likely to be of special interest to amateurs might be ar- 
ranged at our national and sectional meetings. In other words, every 
effort should be made to make amateurs feel that they are an integral 
part of our Society and of American entomology. 
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In addition to examining the structure of our Society, entomologists 
should look to the organization of their literature. There is, at present, 
in my opinion, a moderate sufficiency of publications at the more 
elementary levels up to and including college text-books. What is 
needed are more books out of which species-determinations can be 
made with reasonable satisfaction. I refer to books like Holland’s 
Butterfly Book, Blatchley’s books on Coleoptera, Orthoptera, and 
Hemiptera, the various numbers of the Connecticut series, and my own 
appearing Beetles of the Pacific Northwest—books of the sort that are 
published so regularly in western Europe, so rarely in this country. 
Nothing would so much stimulate the study of North American insects 
and not in exclusively amateur circles either—as the appearance of 
up-to-date editions of those items in the Blatchley and Connecticut 
series that are more than twenty-five years old. Yet in all these 
United States and Canadian provinces it is only at the University of 
California that a program is under way of bringing out a comprehensive 
series of determination-works on the entire local insect fauna—and it 
is only in its very earliest stages. The fault is partly with the taxo- 
nomist themselves. Too many of them are too exclusively concerned 
with world-wide and continent-wide studies of restricted groups of 
insects to be willing to operate on this more immediate practical level 
I do not in the least decry this other type of work, but I do plead for 
broader regional studies as well. Let us have a more balanced program 
of taxonomic entomology! 

Finally, I ask what the economic entomologists may do to stimulate 
pure entomology among themselves. I know a number of men in the 
economic field who have developed side interests in the collecting and 
identifying of insects. And I suggest that it might be possible to have 
this sort of work expand rather than decline, as it is now doing. 

There is many a young man who becomes interested in insects 
in his college vears. He is encouraged to go ahead with his studies, 
and when he graduates or after he has had some graduate work, he 
secures a junior position in professional entomological work. Does he 
at this stage tend to continue with the individual project he may have 
begun at his college or university? Or is he encouraged to ‘‘put away 
childish things’ and to attend exclusively to the job at hand? 

Let us see how it works out! If our young man was in the national 
entomological service of a certain country that is in the forefront of 
entomological work but shall otherwise remain unidentified, he was 
told, rather recently, that he might collect insects if he wanted to, but 
that every specimen collected was the property of the national collection! 
Moreover, he was not to send specimens outside his organization 
without clearing it first with the authorities! The purpose of such 
regulations was to prevent the flow of types elsewhere than to the 
specific national collection in question! The result, however, I am 
sure, would be, not the upbuilding of the one collection involved, but 
the virtual stoppage of all insect collecting by members of the organ- 
ization except for the taking of such specimens as might be necessary 
for the solution of immediate practical problems. On the other hand, 
entomological specimens are more durable than entomologists, so 
that there is a constant drift of specimens from private hands into 
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public collections. An increase in private collecting and private 
collections would, accordingly, in the long run, result in an upbuilding 
of the public collections and a general increase of entomological know- 
ledge. Fortunately, no such restrictive policies as those just mentioned 
have so far been suggested for the Federal service in our own country. 

In the Federal entomological organizations of Canada and the 
United States a firm control is kept over entomological publication. 
A member of the Bureau of Entomology or of the Dominion Entomo- 
logical Service is presumably free to spend his off-duty hours in any 
form of literary composition that he sees fit. If he writes a novel or an 
article for the philatelic press or a paper on Greek vases or Indian 
baskets, he is free to publish it anywhere and in any form. But if he 
writes on insects, even though it is done on his own time and concerns 
a topic unrelated to the special problem to which he is assigned, he 
must receive permission to publish and his publications must meet 
certain editorial requirements. 

I urge that the time has come when the great federal entomological 
organizations that have grown up on this continent should engage in 
some self searching. They should attempt to discover in what ways 
they can advance the science of entomology and the welfare of the 
people that they serve other than just by the discovery of more effective 
ways to control injurious insects! I hasten to assure you that I am in 
no slightest measure opposed to the control of injurious insects! It is 
an essential function in our society. But insects are available not only 
for control and extermination! ‘They are here to be studied and under- 
stood and admired as well. To insist that entomology be exclusively 
economic entomology is as much a prostitution of a spiritual resource 
as to insist that the only art is commercial art or that the only music 
is dance or marching music. And I am convinced that our entomo- 
logical bureaus, by a change of the spirit in which they operate, and 
without departing from their legally established task of investigating 
and controlling injurious insects, could do something to promote the 
science of entomology as a whole and thus advance the cultural welfare 
of the people. 

The movement I suggest is one that can come only from within 
the entomological services themselves, inspired and led by the top 
leaders of these services. Outsiders like myself or even members of 
the services with a record of special interest in such matters are auto- 
matically barred from doing more than merely suggest. We are 
prejudiced and our findings would carry little weight! The following 
are some of the topics that I suggest such a committee of top leaders 
in economic entomology might pursue. 

Foremost in their deliberations could be the problem of encouraging 
men in their organization to develop their entomology as an avocation 
as well as a vocation. The membership could be encouraged to prose- 
cute minor taxonomic and biological problems on their own initiative. 
It would be necessary, obviously, to insist that such activities not inter- 
fere with the main issue—the investigation of economic problems 
but it could be the aim of the organizations to select men of the proper 
integrity of character and judgment to do both. Moreover, it should 
be clear that such avocational activity was being permitted only, not 
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required ! Heaven forbid that we require every entomologist to be 
interested in insects! Some are administrators only! Others are 
toxicologists or chemists or microbiologists. Many will have settled 
upon other types of avocational activity. But there are some 
perhaps many who, with the proper encouragement, could become 
lovers of insects. 

One of the ways in which much research in pure science differs 
from research in applied science is that most research in applied science 
is necessarily controlled. The problems are set from above and directed 
always to the answer of preconceived questions. On the other hand, 
pure research is free and uncontrolled. Its function is, in part, to 
provide the new ideas on the basis of which the applied science of 
tomorrow will operate. Now, I submit, if, without impairing their 
routine efflciency, a considerable number of trained entomologists 
could be induced to spend only just a little of their spare time in random 
uncontrolled unregulated entomological studies, many new ideas 
might come into being. Applied entomology itself might eventually 
come to benefit! But I do not want to base my argument on economic 
considerations. Each man gained in this way for avocational ento- 
mology would represent just one more step towards securing for insect 
studies their proper place in our culture. 

Next, these men so gained for avocational entomology must be 
encouraged to write and publish. At this point I do not suggest the 
abolition of publication-supervision. No sincere student should 
resent help from those more experienced than he is in putting his 
findings into words. What I do propose is that these products of avoca 


tional entomology be judged in a somewhat different framework than 
are the official reports and bulletins on economic subjects. The papers 
should be literate. But the matter of encouraging young authors to 
get under way should not be lost sight of, and they should be allowed 
to develop within wide limits their own style and manner of expression, 
and, to a certain extent, they should be allowed to make their own 
errors. 


As I was finishing this address, I received the program of the meet- 
ing at which it is being given. I noted the overwhelming preponder- 
ance of highly technical economic papers and the four or five concurrent 
sections in which these papers are scheduled to be read. I was led to 
envisage the same sort of a meeting in a situation in which avocational 
entomology was as thriving as professional entomology now is. 
Another four or five sections might well be necessary for the consider- 
ation of the 95% or 99% of the insects that the economic entomologists 
have to ignore. I suspect you will agree that even economic entomology 
would benefit from such a situation, and I am sure that our culture 
as a whole would be better off because of the increased awareness of 
nature that this would portend. You charge me, of course, with utter 
utopianism for indulging in such a fantasy. Perhaps! And yet those 
200 coleopterists in the vicinity of Paris keep sticking in my mind. 
But it is time to close. 





THE GROWTH OF THE HEAD CAPSULE IN 
INDIVIDUAL MILKWEED BUGS 


C. 1. BLISS AND R. L. BEARD 


The Connecticut Agricultural Experiment Station 
New Haven, Connecticut 


Dyar (1890) reported that the width of the insect head capsule in 
one instar seemed to have a constant ratio to that in the preceding 
instar throughout larval development. Since then, many investigators 
have reported data bearing on this rule. In an extended review, Gaines 
and Campbell (1935) plotted the logarithm of the mean head width 
against the instar number. The points deviated convexly from the 
straight line predicted by Dyar’s rule but could be fitted with a parabola. 
Their observations, those of the many investigators they quote, and 
also those of Yasumatsu (1946) were based upon means computed from a 
different lot of insects in each instar. This technique requires relatively 


TABLE I 


INCREASE IN WIDTH OF THE HEAD CAPSULE WITHIN INSTARS, AS COMPUTED FROM 
rHE 13 BuGS IN THE SECOND SERIES. THE AVERAGE DaILy INCREASE IS THE 
ANTILOGARITHM OF THE COMBINED REGRESSION COEFFICIENT FOR EACH 
INSTAR, INCLUDING ALL BuGs 


LENGTH IN DAYS NUMBER OF BUGS WITH 
AVERAGE 
DAILY 


Range Mean Increase Increase not} No change | Mmcrease 
ignificant* | significant | or decrease | percent 


0.33 
0.87 
0.24 
0.19 
0.12 


Total 


*Pp< 


large numbers for validity. An alternative approach is to measure the 
same individuals repeatedly through their larva or nymphal develop- 
ment. Such measurements have been made on nymphs of the milk- 
weed bug, Oncopeltus fasciatus, and these form the basis of the present 
note 

Oncopeltus nymphs were reared at 76°F. on dried milkweed seed 
and water. From the time of hatching, the diameter of the head cap- 
sule of each bug was measured with an ocular micrometer at frequent 
intervals, usually daily. Measurements were started on July 27 and 
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August 30, 1951, and in a second series on Decemmber 1, 1952. Mor 
tality was high under repeated handling, but in the first series 14 in- 
dividuals completed their development to adult and in the second 
series 13 individuals survived. Successive measurements showed that 
the width of the head capsule increased both between and within instars 

Growth within instars. In the first series, an increase in the log- 
diameter of the head within an instar was observed in 39 of the 70 
possible insect-instars. The longer the interval without a recorded 
change in width, the more the log-diameter increased (P <0.025) 
Growth was largest, relatively, in the first stage and diminished pro 
gressively and linearly thereafter (P <0.001). It was evident that 
growth of the head capsule in the interval between successive moults 
was a factor to be considered. 


TABLE II 


ANALYSIS OF THE GROWTH IN WIDTH OF THE HEAD CAPSULE WITHIN INSTARS, 
MEASURED IN LOG-MM. X 10% AS A TREND OR SLOPE UPON AGE IN Days 


Row Effect upon log-width of D. F. | Mean square 


Combined slope (be) for instars 1 2503 .3 
to 5 for all 13 bugs 


Differences in slope between in 
star 


Differences in the be computed 
separately for each bug 12 


Remaining variation in slope (in 
tars x bug 48 3 3. 91** 


Residual variation about the 
lope for each instar in each 
bug 359 


Significant ; 5, **P< Ol 


The second series was measured more systematically and completel) 
to insure against the possibility of an observer’s bias. In contrast 
with the first series, the increase’in the log-diameter of the head capsule 
was greatest in the second instar, both in the number of bugs affected 
and in the average daily percentage increase (Table I). An analysis of 
variance of the regressions of log-diameter upon days within instars 
(Table II) confirmed the reality of the growth (row 1) and of the dif- 
ference between instars (row 2). It also showed that some individuals 
grew more than others within instars (row 3 After deducting these 
terms, however, the individual slopes (row 4) varied more than would 
be expected from the scatter of the individual log-widths about the 
computed lines (row 5). Although the head changed but little each 
day, differences in age within an instar could enlarge the error in test 
ing Dyar’s rule with measurements from different miscellaneous lot 


of insects 
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TABLE III 


MEAN LoG-DIAMETER OF THE HEAD CAPSULE IN EACH INSTAR IN THE 13 
MILKWEED BUGS IN SERIES 2; ¥ 1+ Loc (mm 


REGRESSION ON 


LoG-WIDTH Y FOR INSTAR 
BuG INSTAR 


POTAL 


O85 
5.029 
931 
973 
942 
099 
002 
5.012 
5.039 
978 
(42 
039 
954 


Se or 
=~ 
Nd or 
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hove 
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on 
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0 
0 
0 
0 
0 
0 
0 


oe ON = 


1 
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—PMO=— NOH TE Dw 


MYw Kw NNWwY 
uN San— 


65.125 


Total y 


Total log width of the above bug as adults is 16.672 


TABLE IV 


ANALYSIS OF VARIANCE OF THE GROWTH BETWEEN INSTARS IN THE MEAN LOG 
Heap WiptH (x 10%) or THE MILKWEED BuG. THE DATA FOR SERIES 2 ARI 
GIVEN IN TABLE 3 


SERIES | SERIES 2 


Mean ; ’., Mean 


cjuare square 
Among bug total d 514 |15.2**| 12 O51 {11 


Regression on insta 
Linear trend 2024168 1928094 
Simple curvature 6561 6456 


Scatter 241 2 22 


Interaction of bugs by 
Linear trend ‘ 166 
Simple curvature d 15] 
Seatter (error 26 34 


* significant at *P<.05, **P<.005 
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Growth between instars. In order to compare the growth between 
instars, a mean log-diameter was determined for each instar in each 
individual bug. When observations were missed and the head in 
creased in width over the interval, the necessary adjustments were minor 
relative to the change between instars. The mean log-values are pre 
sented in Table III for each bug in the second series 

The analysis of variance in Table IV shows for both series a marked 
difference in the average head size of the individual bugs over all in 
stars (row 1). Since this difference has been segregated by the design, 
it does not affect our estimation of the growth rate during the nymphal 
period. A parabola was fitted by the orthogonal coefficients x; and x2 
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Fic. 1. Relation of mean log-width of the head capsule of Oncopeltus fasciatu 
to instar number and fitted parabolas. Shaded circles denote adult bug: 


to the results for each bug, to obtain S(x:y) and S(xey) as shown for 
series 2 in Table III, leading to the linear and quadrati terms for the 
trend and curvature in a parabola. Two mean squares were very 
significant as expected, those for the average linear trend or slope (row 
2) and for the average curvature (row 3). The bugs varied more from 
one another in slope (row 5) in both series than would be expected 
from the experimental error. The error (row 7) was computed from 
the scatter of the log-width of the individual instars around the para 
bola fitted to the data for each bug, after removing any systemati 
element in the scatter that was common from bug to bug (row 4) 

The series differed in two respects. The average deviations from 
the parabola in the first series would be considered significant but not 
those in the second series (row 4). This is reflected in the relation 
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of the instar means to the fitted curves in Figure 1. The other dis- 
crepancy between series occurred in the interaction of bugs by cur- 
vature (row 6 of Table IV). In the first series, the bugs differed in 
the degree of curvature, but in the second series, they agreed very 
well. Because the later measurements are known to be more reliable 
and consistent, the parabola seems to be a good description of the true 
relation between the log width of the head capsule (Y) and instar 
number (X). When computed from the second series, Y =1.0138+ 

0.1218(X —3) —0.00596(X —3)?; for the first series, Y =0.9912+0. 1202 

(X —3) —0.00579(X —3)*. These equations for nymphal development, 

however, cannot be extended to the adult, as is evident from the discrep- 

ancies between the adult means (shaded) and the expectations for 

“instar 6” in Figure 1. 

Summary. <A relatively small number of individual insects can 
lead to a quite adequate test of Dyar’s rule if the individual insect is 
followed through its development. A small but significant increase in 
size within instars can also be demonstrated. The increase in log- 
head diameter in successive nymphal instars of the milkweed bug has 
been described by a parabola rather than by Dyar’s straight line. 
When extrapolated, this equation overestimates the size of the adult 
head 
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1955 MEMBERSHIP RATES 


By a recent vote of E.S.A. members, dues of active members for 1955 have been 
et at $10.00. Active members automatically will be entitled to either the 
JOURNAL OF ECONOMIC ENTOMOLOGY or the ANNALS OF THE ENTOMOLOGICAL SOCIETY 
oF AMERICA, whichever the member preter: The second pe riodical, if desired, 
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JOURNAL or ANNALS at $4.00 for each periodical This means that the cost to 
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ignificant change being that active membership at a $6.00 rate is abolished 
Active members now receiving both the JoURNAL and ANNALS will have the 
JOURNAL subser?ption covered by the membership dues, and the ANNALS subscrip 
tion will be covered by the additional $4.00 charge. This arbitrary choice is 
purely for convenience in bookkeeping, since the JOURNAL has the larger circulation. 
Active members not receiving either JoURNAL or ANNALS in 1954 should advise the 
business office of the Society, 1530 P Street, N. W., Washington 5, D. C., as to 
which periodical they wish to receive in 1955. For all countries other than the 
United States, its territorie Canada, Mexico and Cuba, the amounts quoted 
herein should be increased by 50 cents to cover foreign postage. 


ASHLEY B. GuRNEY, 
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OBSERVATIONS ON OVIPOSITION OF TWO 
AEDES MOSQUITOES! 


(Diptera Culicidae) 
ROBERT CHARLES WALLIS? 


Aedes polynesiensis (= A. pseudoscutellaris) in Samoa has been ob- 
served to seek out primarily cocoanut shells and tree holes containing 
fresh water as ecological niches in which to oviposit. It exhibits more 
of a predilection for them than it does for the collections of water in 
artificial containers that are selected by some closely related Aedes 
Laboratory observations of A. polynesiensis from Samoa ovipositing in 
cocoanut shells and analysis of moving picture film strips of this activit) 
as compared to that of Aedes aegypli indicate that the reason for thi: 
characteristic activity may be the creases and fissures present within 
the cocoanut shell. Both species deposit eggs on the moist substrate 
above the water line, but the A. polynesiensis were observed to oviposit 
in creases more frequently than did the A. aegypti. To investigate the 
extent of this preference for oviposition in creases, the following ex 
periments were set up 


MATERIALS METHODS 


Gravid female mosquitoes were obtained from laboratory colonies 
of A. aegypti and A. polynesiensis maintained in our insectary. Two 
groups of each species consisting of 20 adults each were placed in 
screened cages size 10 x 10x 10 in. and each group was allowed to 
oviposit under identical conditions on one of two different oviposition 
sites. The control oviposition sites were provided by placing square 
sheets of filter paper 12 x 12 cm. to form a cylinder around the in- 
side walls of one-pint cardboard cartons containing 2 cm. of distilled 
water. Smooth uncreased filter paper was used in the control ovi 
position site and in the experimental site nine vertical grooves or creas« 
were ruled into the paper 1 cm. apart and approximately 1 mm. deep 
by 1 mm. wide. 

The different groups of mosquitoes were allowed to oviposit on 


) 
] 
I 


control or experimental sites for a 24 hour period. The level of the 
mean waterline was determiined and eggs were counted in 
centimeter zone above the mean waterline. In addition, on 


'This study was aided in part by a grant to the author from National Bilogical 
Institute, U. S. Public Health Service, Bethesda, Md., and in part by contract 
between the Office of the Naval Research and the Johns Hopkins Univ., (Dr. G 
F. Otto, Responsible Investigator The A. polynestensis used in this work were 
from the colony maintained under the above contract 

Department of Parasitology, School of Hygiene and Public Health, The 
Johns Hopkins University, 615 N. Wolfe St., Baltimore 5, Md Che author 
wishes to acknowledge the aid and advice in the preparation of this manuscript 
that was generously given by Dr. L. E. Rozeboom 
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filter paper, counts were made of eggs deposited inside the creases as 
compare d to those scattered on smooth areas between creases 
Each ¢ xperiment was repeated four times for the purpose of check- 


ing the amount of variation in results 


RESULTS 
In controls, the numbers of eggs oviposited within each centimeter 
distance above the mean waterlin« for the two species were noted to be 
very similar For each species, 1n each of the four replicas of the 
experiment, over 50 percent of the eggs were located within one centi- 
meter of the waterline. For each species the range of spread upward 
from the waterline was also comparable, the range being 5+1 cm 


TABLE I 


COMPARISON OF THE DISTRIBUTION OF EGGS IN CREASES AND BETWEEN CREASES 
ON AN OVIPOSITION SITE BY A. aegyplt AND A. Polynesiensis 


aegypti Replica 


B C 
1047 729 


430 416 


41 06 | 57.06 
Replic: 


A 
1690 


1409 


» Or 
Sd 4 


*M Meat 
*SD Standard deviation 
*SEn Standard error of meat 


In experiments in which both species were allowed to oviposit on 
creased paper, there was little change in the vertical distribution of 
the eggs above the waterline However, in horizontal distribution, they 
were no longer spread out evenly along the waterline as before, but were 
accumulated in the creases. In areas close to the waterline the eggs 
were closely packed together as shown in Fig | Farther away from 
the waterline, at a distance of 5 cm. as shown in Fig. 2, the eggs were 
strung out in a single line in the creases. A most striking difference 
occurred in the distribution of eggs of the two species within and be- 
tween the creases. This is shown is: Table I which gives the number 
of eggs for each of the four replicas of the experiment, and the number 
of eggs and percentage of eggs oviposited in the creases by both species. 
For A. aegypti a mean percent of 53.35 of the eggs were in the creases, 
whereas the mean percent for A. polynesiensis was 83.96, representing 
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an observed difference of 30.6 percent (A comparison ol the mean 
percentages of the two groups by Student “‘t”’ test gives a ‘‘t’’ valu 
of 5.4, indicating a very low probability that the two groups are the 


same. ) 


DISCUSSION 
The above significant difference between sper ies shows a high de 
gree of preference by A. polynesiensis to oviposit in creases. A possible 
reason for this preference may be as suggested by Penn (1947) regard 


ing the oviposition activity of A. scutellaris, a closely related species 


PiG Eggs (after drying) of A. polynesiensis as they 
stance of 1 cm. above the water line 
Eggs (after drying) of A. polynestensis 
of 5 cm. above the water line 


from New Guinea. For this species it is suggested that cracks and 
niches in the surface may present a more secure position for placing 
eggs and provide continued moisture for the eggs. However, another 
possible reason for preferen e ol oviposition In creases May be seen 1) 
studies of motions that are characteristically different for the two mo 
squitoes as they go through the oviposition procedure A. polynesiensis 
is seen to act in a manner similar to that of another tree hole breeder, 
Haemogogus spegazzinii, in its egg laying activity. According to Bates 
(1949) this species placed the tip of the abdomen in close contact with 
the substratum and draws it slowly forward as the emerges, with the 
mosquito remaining motionless except for the abdominal movement 
The egg is left adhering to the substratum and the laying of the eggs 
seemed to be a response to irregularities in the surface. When A 
polynesiensis is in the act of ovipositing, the substratum also furnishes 
an important friction factor, and the adherence of the egg to the sub 
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tratum aids in freeing the egg from the breech of the ovipositor The 


abdomen is bent downward under the mosquito and as the egg emerges 
and contacts the substratum, the ovipositor is pulled away as if the 
1 off against irregularities on the surface 


AP 
lhere is little movement o 


of the tip of the abdomen. However, when A. aegypti females ovi- 


ry were actually being wipe 
i 


( 
the mosquito except for a forward probing 


posit, the wiping of eggs against the substratum is accomplished with a 


combination of abdominal movement from side to side, and of a walk- 
ing movement as the mosquito proceeds sideways and forward over 
the surface The increased movement is believed to compensate for 
the decreased friction potential of the smoother surface, when a unit 
amount of friction is necessary for the mosquito to clear the egg from 
the breech of the ovipositor. In the case of A. polynesiensis where 
the egg is dragged only a short distance over the substratum, irregu- 
larities in the surface may be necessary to provide the additional fric- 
tion for adherence of the egg to the surface and its subsequent free- 
ing from the ovipositor 


SUMMARY AND CONCLUSION 


A significantly higher percentage of eggs was placed in vertical 


creases in paper used as a substratum for oviposition by A. polynesiensis 
than by A. aegypti 1. polynesiensis females appear to take ad- 
vantage of irregularities in the substratum to free the egg from the 
ovipositor, while the ovipositing A. aegypti females move about more 
freely and scatter eggs more widely. It is suggested that these 
differences in response by the two gravid females to the type of sub- 
stratum may be a factor in selection of oviposition sites in nature 
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INDEXES IX, X AND XI NOW AVAILABLE 


Index IX, covering 1948-49 Literature of American Economic Entomology, i 
now being distributed. This is a volume of 529 pages, bound in insect repellent 
cloth. Price, to members, is $2.50 prior to November 1, 1954; after that, $3.00, 
both postpaid. Postage and handling outside of the United States, its territories, 
and Canada, 50 cents additional Price, to non-members of the Society, is $3.50 
postpaid. Index X (1950 literature) and Index XI (1951 literature) are also being 
distributed, priced at $1.50 and $2.00 each, to members and non-members, 
respectively Orders should be sent to the Executive Secretary, Entomological 
Society of America, 1530 P Street, N. W., Washington 5, D.C. Index XII (1952 


literature) is now going to press, but the price has not been set. 





INSECTARY LIFE HISTORY AND APTEROUS INSTAR 
MORPHOLOGY OF MYZUS PERSICAE (SULZER) 


(Homoptera, Aphidae) 


EDWARD S. SYLVESTER 
University of California, Berkeley, California 


The world-wide distribution, polyphagous nature, and demon- 
strated ability of the green peach aphid, Myzus persicae (Sulzer), to 
transmit numerous plant viruses makes it one of the most econom- 
ically important aphids. M. persicae is probably the most important 
aphid species in plant virus transmission. 

One of the earliest papers dealing with the apterous life history of 
the green peach aphid was by Mason (1922) who in greenhouse and 
insectary studies found no tendency for oviparous reproduction in 
Florida, and presented data concerning the time required for matura- 
tion, longevity and reproductivity. In 1929 similar data were reported 
by Kuiper (1929) and de Jong (1929) concerning the species in Suma- 
tra. Of somewhat more significance, particularly in connection with 
the present paper, was the study by Weed (1927) in which he gave 
data on apterous metamorphosis and reproduction under controlled 
conditions of varying temperature and relative humidity. Soliman 
(1951) described the nymphal instars, the pupa, and the two commonly 
encountered mature forms, t.e., the apterous and alate viviparous 
females. The term pupa was applied to late instar nymphs possessing 
visible external wing pads. The paper was designed to aid workers in 
determination of the various nymphal instars without resorting to 
rearing techniques. 

In California the species has been used extensively in vector-virus 
research, and it was considered desirable to obtain information on the 
apterous life history under our usual Berkeley laboratory conditions 
The data gathered, together with illustrations of the instars, are pre- 
sented, and are compared with the results obtained by other workers. 

Materials and Methods. Stock cultures of Mysus persicae have been 
maintained in this laboratory for a number of years, at times on sugar 
beets, Beta vulgaris Linn., and more recently on smooth leaf mustard, 
Brassica juncea Czern. et Coss. The insects are representative of a 
greenhouse culture, and consequently the data can be interpreted only 
within the narrow confines of a relatively limited ecological habitat 

First instar nymphs were obtained by transferring approximately 100 
adult apterae from a stock culture to a mustard leaf in a petri dish 
lined with a moistened filter paper and allowing them to deposit young 
for a period of a few hours. Nymphs were removed at varying in- 
tervals and individually placed on mustard leaf discs, cut with a cork 
borer, and covered with a cylindrical cellulose acetate cage. The discs 
were changed at | to 2 day intervals depending upon the condition of 
the leaf tissue. The individual cages were examined at hourly in- 
tervals except between the hours from 11:00 P.M. and 6:00 A.M., and 


397 





398 Annals Entomological Society of America [Vol. 


the time of molting was recorded. Consequently the data on duration 
of the stadia is accurate within a 3 hours of the time of 
actual moulting. A minimum sample of 10 individuals of each instar 
was taken for purposes of measurement, rel one individual from each 
sample lot was selected for purposes of illustration. 

Records on the reproductive capacity were obtained by removing 
individuals soon after maturation and caging them singly on leaves of 
growing mustard plants. In one series the number of young produced 
was recorded at 8:00 A.M. and 5:00 P.M. daily, while in another series 
the number was recorded in the interval between 8:00 and 9:00 A.M. 
every second day, except during the last few days of the trials. The 
young were removed at the time of recording. The females and cages 
were moved to new leaves of the mustard plants as required. Because 
of the shift from Daylight Saving Time to Standard Time, some of the 
last records were an hour later. Temperature records, using standard 
mercury thermometers, were made in the greenhouse at 8:00 A.M. 
and 5:00 P.M. daily, and in the laboratory they were recorded at 
least five times daily. Greenhouse temperatures ranged from 18.3°C 
to 31.1°C., with a mean of 23.2°C., and a standard deviation of 1.8°C 
while laboratory temperatures varied from 17.5°C. to 26°C., with a 
mean of 24.0°C. and a standard deviation of 1.9°C. Nymphs were 
reared to maturity both in the laboratory and greenhouse while the 
reproductive capacity and longevity records were made only in the 
greenhouse 

The insects were mounted in a 1:1 ethanol-lactic acid medium for 
purposes of measurement and illustration. This was used in order to 
preserve as nearly as possible normal body turgor and to prevent shrink- 
age distortion. Body length was taken from the vertex to the cauda 
tip, the width was at the widest portion, usually just anterior to the 
cornicles, and the width across the eyes was the distance between the 
lateral margins. These measurements were made with a binocular 
dissecting scope before a coverslip was placed over the insects. All 
other measurements were made using a compound microscope. The 
drawings were made on graph paper with the aid of a eyepiece grid. 

Results—Duration of Stadia.—Based on the data obtained, the 
duration of the various nymphal stadia were: stadium I, 31.90+4.64 
hr.; I, 36.46#5.63 hr.; III, 40.59% 13.68 hr., IV, rng 11.70 hr 
There was a tendency for the stadia means to gradulaly increase and 
to become more variable The shortest time that any cain remained 
in any one nymphal stadium was approximately 24 hr. (stadium 1), 
while the longest time was 93.3 hr. (stadium III). The total length 
of time required to reach maleniny varied from 5 to 8 days approx- 
imately These results compare favorably with those of Weed (1927) 
in Wisconsin, since his data on the duration of nymphal stadia at 24°C 
and 75 per cent R. H., were as follows (means): stadium I, 39.04 hr 
II, 38.3 33 hr.; III, 34.08 hr.; and IV, 44.42 hr. The stadia ranges were 
24 to 72 hr. in all cases, and the total time to reach maturity varied 
from 120 to 192 hr. (5 to 8 days). Weed’s insects were reared on 
spinach plants and examined twice daily 

Longevity and i eer Bags The apterae did not produce young 
immediately after maturation, but did so after approximately 25+ 13.15 
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hr. Viviparous reproduction continued thereafter for a mean period of 
17.04 days (range 1-26 days). Data from several experiments involv- 
ing a total of 54 individuals showed that apterae lived for 24.32+ 11.24 
days after maturation. Females which survived for a period of 20 or 
more days produced 80.43+6.43 young. In no case were young pro- 
duced after the 26th day from maturation. The data of Weed (1927) 
indicated a mean gestation period of 22 hr., with a range of 12 to 49 hr 
The average longevity was 19.87 days, and the period of reproduction 
ranged from 12 to 20 days with a mean of 16 days. A mean of 54.92 
(range 40-75) young were produced by the apterae in Weed’s experiments. 
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Fic. 1. Graphic representation of the reproductive rate of green peach aphid 
Myzus persicae (Sulzer), apterae reared to maturity on leaf discs (e) or attached 
leaves (o The points represent total number of young produced during each 48 
hr. period. A combined mortality curve (x) in per cent is also giver 


Records were kept on 24 apterae to determine whether or not th 
rate of reproduction was higher during the night, between the hours of 
5:00 P.M. and 8:00 A.M., or during the day between 8:00 A.M. and 
5:00 P.M. The reproduction rate during the 15 hour night period 
averaged 0.16 young per hour, while during the 9-hour day period it 
averaged 0.18 young per hour. Apparently little in the way of a real 
difference existed between day and night reproduction under the condi 
tions of the experiment 

Weed (1927) reported a mean reproduction rate of 3.72 young pet 
day per female based upon the length of the reproductive period of thi 
females. A comparable conversion using the present data would 
yield a mean rate of reproduction of 4.08 young per day per female 

A second experiment using 39 individuals was designed to compar 
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the longevity and reproductive ability of apterae reared during the 
nympha! stages on leaf discs with those which had been reared 
on attached leaves. After maturation the females were caged singly on 
mustard plants. The trials were done entirely in the greenhouse. The 
results are graphically presented in Fig. 1. There was little difference in 
reproductive capacity between the two groups. Sixteen females which 
had been reared on leaf discs lived for 32.88+2.4 days after maturity, 
while 11 reared on attached leaves lived for 27.54+9.37 days. The 


E 


Fic. 2. Some of the instars of the green peach aphid, Myzus persicae (Sulzer). 
(A) first, (B) second, (C) third, and (D) fourth stage nymphs, dorsal aspect; 
and (E) and (F) dorsal and ventral views of a mature aptera. Chaetotaxy relative. 


Scale: X 30 (approximately) 
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Fic. 3. Diagrammatic comparisons of the 1 irs of the green peach aphid, 
Myzus persicae (Sulzer) apterae, using measurements of elect d anatomical 
features. Top, length and width of antennal segments; center, length of longest 
hind tibial hair, length and width of hind tibia, cornicle, and cauda; bottom, body 


dimensions. 
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high variation in the latter was due to one female which lived for only 
a day after maturing. Using records from individuals which survived 
for 20 days or more, the total number of young produced per female 
averaged 82.45 + 4.4 for the females reared on leaf discs, and 78.84 + 9.84 
for those reared on attached leaves. It is unlikely that the use of 
leaf discs for rearing had any effect on either longevity or reproductive 
capacity when compared with whole leaves. 

When comparing the data from the two experiments, i.e., day 
versus night reproduction and discs versus attached leaves for rearing, 
it was noted that examination for nymphs twice a day (day versus 
night) as compared to examination every second day (discs versus 
leaves) adversely affected the mortality rate of the apterae. In the 
twice daily examined series the apterae lived for a mean of 14.47 +9.7 
days, as compared to the means of 32.88 and 27.54 given in connection 
with the apterae examined at 48 hour intervals. This was true in 
spite of the fact that actual contact with the insects was kept to a 
necessary minimum. However, the insects tended to move when the 
cage was removed, and thus frequently had to be picked up with a 
camel’s hair brush so that actual handling of the apterae was greatly 
increased in the twice daily examined samples. 


Description and measurement of instars.—The five instars of the 
apterae are illustrated in Fig. 2, and various anatomical measurements 
with their standard deviations are given in Table I. Those measure- 
ments which were considered to be of greatest significance are diagram- 
matically represented in Fig. 3. It is not the purpose of this paper 
to give a detailed description of each instar, but rather to present the 
pertinent points which might be of some value in the separation of 
the various instars in life on a morphological basis. 


TABLE I 


ANATOMICAL MEASUREMENTS IN MICRONS, OF THE FOUR NYMPHAL INSTARS AND 
rHE ADULT APTEROUS FEMALE OF Myzsus persicae (Sulzer) WITH THE STANDARD 
DEVIATION FOR Each. A MINIMUM OF 11 AND A MAXIMUM OF 15 INDIVIDUALS 
MEASURED FOR EACH INSTAR 


INSTAR 
Adult 


First Second Third Fourth 


Body length 779 #35 834231 |1062+150 1466 + 47 1957 = 91 
Width 334 + 17 338 + 21 493 +17 706 + 17 S68 + 80 
Width 

across 

eves 280) + 12 295 +12 31819 378+17 366 + 37 
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length 45 +: § 669 

width ‘ ? d { 54+5 51+3 
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TABLE I Contiuued 
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First Second Third Fourth t.o1 


Third 
antennal 
segment 
length 108 +3 
width 33 +4 

Fourth 
antennal 
segment 
length 
width 

Fifth 
antennal 
segment 
length 
width 

Sixth 
antennal 
segment 
base 
length 
width 


Unguis 
length 
width 


Rostrum 
segments 
IV+ V 
length 
width 


Hind 
tibia 
length 
width 
length ot 
longest 


hair 


Hind 
tarsu 
length 
width 


Cornicle 
length 
width 


Cauda 
width 


at base 18 


egment is absent in the Ist and 2nd nymphal instars, 


a The fourth antennal 
joint of the third nymphal 


being derived from a division of the third antennal 
instar 
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The first and second stage nymphs were similar in length and form, 
and both had five--segmented antennae, but this character was difficult 
to see with dissecting microscope magnification. One of the most 
commonly observed differences on a relatively microscopic level was 
in the comparative lengths of the antennae. Usually the antennae of 
the first stage nymphs failed to attain the cornicles, while in the second 
nymphal instar, the antennae usually attained or surpassed the cornicles. 
This observation was at variance with that of Soliman (1951) who 
stated that the antennae in the first instar nymphs were longer than 
the body. It is possible that the contradiction in observations was 
due to differences in mounting media. Soliman used diaphane, which 
can cause considerable shrinkage of soft-bodied specimens if dehydra- 
tion is not carefully controlled. Soliman also failed to find ocular 
tubercles in the second instar nymphs, whereas they were evident in 
the insects reared in the present study. 

The third and fourth nymphal instars again were similar in form 
and structure and had overlapping size ranges. Each had six antennal 
segments, as did the adult form. There appeared to be no definitive 
character which would readily distinguish the third from the fourth 
instar. Possibly one of the better microscopic characters was a tendency 
for the length of antennal segments III and IV to be subequal in the 
third stage nymphs, while in the fourth instar, segment III usually 
exceeded segment IV in length. However, the character was of little 
value for a rapid macroscopic method of separation. In the author’s 
opinion, separation of the third from the fourth instar would be the 
most difficult to accomplish and would be subject to the greatest error 
of any of the instar separations 

Adult apterae could be distinguished macroscopically from any 
nymphal instar in several ways. One characteristic morphological 
feature, which was readily detected, was cauda shape. In all nymphal 
instars the cauda was obtusely rounded, broader at the base than 
long. The adult cauda was longer than broad and sub-conical to 
spoon-shaped. Another reasonably good character was the presence of 
embryos with red ocular areas which could be seen with low-power 
magnification in specimens lacking intense green coloration. 

An interesting observation was that in all nymphal instars the 
length of the longest distal tibial hairs was subequal to or exceeded 
the diameter of the joint, while in the adult the length was always 
less than the joint diameter 

Excretion: A few studies have been made on the process of aphid 
excretion, and the subject has been recently reviewed by Broadbent 
(1951). Broadbent, among other things, stated that ‘‘Aphids excreted 
only while feeding, and balanced themselves each on their proboscis 
and anterior two pairs of legs when the abdomen was raised.’’ During 
serial virus transmission trials, opportunity was afforded to make 
some observations on green peach aphid excretion. Fifty-two in- 
dividual apterae were observed for a period of 20 to 30 min., and 15 
of these excreted during this time. None of the 15 excreted while 
feeding. Four of the 15 used the rostrum as a temporary fulcrum, 
while in the other 11 cases the rostrum was not placed in a position 
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perpendicular to the leaf surface 3efore the serial trials the insects 
had been fasted for a period of time ranging from 60 to 147 minutes 
(mean 94.26 min.). Apparently aphids do not often excrete during a 
continuous fasting period, but in the observed cases the individuals 
were being moved to a new plant after every 20 sec. of feeding, and 
the excretion occurred between feedings. This would indicate that 
actual tissue penetration by stylets Was not a necessary prerequisite 
for excretion. From the time that the fast was ended and the first 
serial transfer started, the period until excretion varied from 0.65 to 
34.0 min., with a mean of 12.9 min It seems probable that aphids 
in the physiological state which immediately precedes excretion would 
excrete if placed in an environment lacking food. However, during 
fasting periods excretion would probably be at a minimum, since the 
insects would tend to conserve body fluids. When the fast 1s broken, 
if only by a short tissue penetration, the excretory processes probably 
are stimulated and begin their normal cycle of activity, and if fluids 
were in the posterior portion of the digestive tract, or in the excretory 
area, the insect would be stimulated to void the material without 
necessarily continuing tissue penetration, or feeding 

Discussion.—It is perhaps disappointing to be unable to state in 
unequivocable terms that the various nymphal instars of the green 
peach aphid can be separated accurately with the aid of some form 
of low-power magnification. However, with the variations encountered 
among the insects in this work, it would appear that any such attempt 
would be most difficult. The specimens illustrated present obvious 
size differences, but in aphids body size is a most highly variable char 
acter and subject to extreme ranges (Essig, 1938; Gillette and Palmer, 
1932). The measurements obtained in this work are comparable to 
the minimum listed for the species by Gillette and Palmer (1932). 

There are several minor points in which the present work differs 
with that of Soliman (1951). Some of these have been mentioned 
previously, but perhaps a short recapitulation would be worth while 
since the differences may afford some insight into the morphological 
variability of the green peach aphid. In the present work the antennae 
of the first stage nymphs did not exceed the body in length, and ocular 
tubercles were detected in the second instar, two points at variance 
with observations of Soliman. Again, Soliman found that in the 
third and fourth stage nymphs the antennae were longer than the 
body, while in the present work the antennae were shorter than the 
body in all instars. Soliman found antennial segment IV exceeded 
segment III by some 12 per cent in the third instar specimens, while 
the author found the segments to be approximately equal in the third 
instar. In the adult apterous form Soliman found that antennal seg- 
ments III and IV were of equal length, while the author’s measure- 
ments indicated segment III exceeded IV in mature apterae. Soliman 
found that the cornicles of the apterae were not swollen, and the speci 
mens examined by the author in the present work agree with this ob 
servation. However, it is known that the green peach aphid is some 
what variable in respect to this character, and seasonal variation oc- 
curs during which the cornicles of apterae are somewhat swollen. This 
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tendency led Mason (1940) to include in the genus Myzus, species 
which possessed swollen cornicles 

The date here presented are of limited extent and their value probably 
lies only in the indication of certain tendencies in morphological varia- 
tion encountered in connection with M. persicae. Before any con- 
clusions can be reached as to the true validity of such relatively limited 
comparative morphological features, many additional data will have 
to be obtained under widely varying conditions. However, at the 
present time the indications are that if any proposed research is of 
such a critical nature as to necessitate the use of individuals of any 
given instar, then those insects will have to be carefully reared to in- 
sure accuracy 

Summary and conclusions.—Data obtained on the life history of 
the green peach aphid, Myzus persicae (Sulzer), limited to laboratory 
and greenhouse conditions, indicated that the aphids can mature in 
5 to & days, that mature apterae can live for approximately 30 days, 
reproduce for approximately the first 20 days and can give rise to ap- 
proximately 80 offspring during the reproductive period. The life 
history results compare favorably with those obtained in Wisconsin 
by Weed (1927), when he reared the insects on spinach and used strictly 
controlled temperature conditions 

Studies on comparative morphology indicated that while there are 
both quantitative and qualitative differences among the various instars, 
there is no single, simple method, which would permit accurate, rapid, 
microscopic separation of individuals from a given chronologically 


heterogeneous population into the various instars 3ased on the data 
obtained and methods employed, rearing would appear to be the only 
certain way to obtain individuals of any desired instar 

An observation concerning aphid excretion following periods of 


fasting is given 
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NOSEMA DISEASE OF GNORIMOSCHEMA 
OPERCULELLA (ZELLER) AND MACROCENTRUS 
ANCYLIVORUS ROHWER 


H. W. ALLEN,! 


Entomology Research Branch 
U.S. Department of Argiculture 


A microsporidian disease of the potato tuberworm (Gnorimoschema 
operculelia (Zeller), which also appeared in Macrocentrus ‘ancylivorus 
Roh. bred from tuberworms, was reported by Allen and Brunson 
(1945). R. R. Kudo, of the University of Illinois, determined the 
organism causing the disease to be a species of .Vosema. Steinhaus and 
Hughes (1949) described Nosema destructor, which appeared in labor- 
atory-reared potato tuberworms in California, and added considerable 
information on its life cycle and physiology. Steinhaus compared the 
California Nosema with the Nosema studied at Moorestown, New 
Jersey, and considered them probably the same species. Another 
microsporidian in the tuberworm, described by Steinhaus and Hughes 
as Plistophora californica, has not yet been encountered at Moorestown. 
Only one species, which seems to be JV. destructor, has been found there. 

Since Nosema disease interferes with the production of vigorous 
parasites, considerable work has been done on it in recent years. 
McCoy (1947), who found the disease seriously affecting the pro- 
duction of parasites, applied the Pasteur method for controlling pebrine 
in silkworms, and by its use was able to eradicate the disease from his 
breeding stock. In this method pupae are isolated in a disease-free 
environment. After emergence, pairs are mated, and their eggs are 
obtained and kept in isolated lots. The parents are then examined 
for Nosema, and when neither is found to be diseased, their eggs can 
be used to start new disease-free stock. The only weak point in this 
method is that disease-free breeding stock may accidentally become 
infected at any time, and then control can be obtained only by de 
stroying all but a few individuals and laboriously building up disease 
free stocks once more. This process takes from 2 to 3 months, and 
obviously could not be done during the principal breeding season 
without seriously restricting the program. Allen and Brunson (1947) 
devised a method of heat treatment for tuberworm eggs which has 
worked successfully in controlling Vosema disease. 

Since control of this disease is a continuing factor when the potato 
tuberworm is used as a breeding animal, this problem was given con 
siderable attention at Moorestown from 1944 to 1948, inclusive. The 
results reported in this paper are based on the gross examination of 
tens of thousands of Macrocentrus ancylivorus adults for symptoms, 
and on the microscopic examination of thousands of wet mounts taken 
from stages of both hosts for .Vosema spores. 


‘Some of the experiments in 1945 were made by M. H. Brunson, and some in 


1946 by Mary E. Fleming. E. L. Plasket also assisted in the laboratory work 
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SYMPTOMS OF NOSEMA DISEASI 

The author has never been able consistently to recognize Nosema- 
diseased tuberworms from the gross appearance or symptoms in any 
stage, living or dead. Larvae, pupae, and adults that are apparently 
normal often prove to be heavily diseased, and many weak living 
individuals or dead specimens are without .Vosema spores. Steinhaus 
and Hughes (1949) observed that the opaque whitish larvae frequently 
seen are .Vosema-diseased. Diseased adults and pupae of Macrocentrus 
have conspicuous, Opaque-white masses in the abdomen, best seen 
through the thin ventral walls. The abdomens are frequently much 
swollen, and such heavily diseased specimens are often weak and 
unable to fly. Occasionally, adults that are not diseased have whitish 
areas in the abdomen. Among 5,386 individuals 27 specimens of this 
type were found. From heavily infected material numerous adults 
that lacked whitish patches on their abdomens have been examined 
microscopically, and none of them were found to be .Vosema-diseased. 


WHERE NOSEMA SPORES OCCUR 


Nosema infection starts from the spores, which have been found in 
all the living stages of the tuberworm and are extremely abundant in 
half- to full-grown larvae, pupae, and adults. They apparently occur 
within the eggs, though not abundantly. In eggs from diseased moths 
3 out of 66 were found to contain spores. They are abundant in 
living adults and cocoons of Macrocentrus, and have been observed in 
mature larvae of this parasite. Three of these stages are highly mobile 
and are possible agents of dispersion. Spores have been found in the 
feces of tuberworm moths and Macrocentrus adults and in the frass of 
feeding tuberworm larvae. Spores have also been found frequently in 
dead larvae and pupae of the tuberworm, and in dead Macrocentrus 
cocoons, all of which may serve as sources of contamination. 

The adult tuberworm moths and the parasites readily carry disease 
to all parts of the laboratory where insects can fly or crawl. The 
tuberworm larvae can disperse disease throughout the food supply, and 
for several feet about the breeding units in which they are being reared, 
or as far as strays are likely to crawl. Thus the moths and the adult 
parasites contaminate the surfaces on which they walk or rest and the 
tuberworm larvae the food medium through which they burrow. 
Spores found on moth scales scraped from living i.oths and in the dust 
collected in breeding rooms indicate that the disease may be airborne. 

In tuberworm larvae spores have been found in the hemolymph, in 
tissues of the silk glands and Malpighian tubules, in the tissues and 
lumen of the midgut, and packed into the interstices between muscle 
strands. In dissections the disease in its early stages is easily detected 
by the large nodules of organisms in the great cells of the silk glands. 
When newly hatched, disease-free tuberworm larvae were allowed to 
feed on potato smeared with spores and were reared at 80°F., no spores 
were found until 4 days later, but they became abundant on the fifth 
day. Thus at this temperature the life cycle required at least 4 days. 

In Macrocentrus adults spores have been found in the midgut and 
the hemolymph. They are also frequently found packed between the 
muscle strands of the legs, where they may have been deposited by 
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the circulation of the blood. In diseased specimens spores are usually 
numerous, and in many specimens they comprise a large portion of the 
cellular components of the body. 


EFFECT OF NOSEMA ON BREEDING OPERATIONS 


Since 1944, Macrocentrus has been propagated at Moorestown 
from the potato tuberworm in the presence of .Vosema, but the large 
losses reported to be caused by this disease at other laboratories have 
not occurred there. At Moorestown .Vosema has caused considerable 
loss in the vigor of the parasites reared and some decreased effic 1ency in 
the propagation work, but these losses have never been a serious threat 
to the continuance of rearing operations. During the 1946 season, 
before an effective control for this disease was discovered, the author 
found infections of 20 to 90 percent in tuberworm stocks, with not 
less than 50 percent from May 24 to mid-July. Despite the absence 
of control measures, Vosema never infected the entire host population, 
and about 170 parasites were reared per pound of potato. In 1947, 
when very little Nosema was present, 326 parasites were produced per 
pound of potato. However, other factors beside Nosema control 
contributed to this large difference. 


TABLE | 


RELATION OF NOSEMA INCIDENCE TO TUBERWORM MOTH AND PARASITE PRODUCTION 


Nosema-infected moths | Cocoon mortality | Host and parasite} Parasites propa 
adults emerged gated per femal 


Percent Percent Number Number 
20 S 2,983 
4 3,192 
1.389 
3S bd 1 648 
50 4: 1 S48 
1,680 

60 


6,026 
4,715 


During the 1946 period of moderately high .Vosema incidence in the 
breeding stock, data on its abundance and on moth and parasite pro- 


duction were obtained from one tray out of the daily run for 27 day 
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The abundance was determined from a microscopic examination of 10 
moths per tray. All the insects that emerged were counted, and the 
number of Macrocentrus females obtained from each breeding female 
was calculated. Finally, cocoon mortality was determined by counting 
the dead in random samples of 50 cocoons. In Table I these data have 
been arranged in a series beginning with the lowest incidence of Nosema. 

If Nosema-disease losses were a dominant factor in this breeding 
work, a trend would be expected toward fewer insects emerging, fewer 
female parasites per breeding female, and higher mortality of cocoons 
in the lots having higher Vosema rates. No such trends are apparent. 
The data obtained do not necessarily mean that Nosema causes no 
losses, but rather that the losses may be so moderate that they are 
outweighed by other factors affecting production—for example, other 
host diseases and starvation through overstocking. Similar results 
have been observed in several other lots. 

Effect on breeding stocks of the tuberworm.Mortalities that could 
be ascribed to Vosema have never been observed among tuberworm 
eggs. It is difficult to follow the history of young larvae living gre- 
gariously after they enter a tuber, so there is little direct evidence of 
mortality rates among young larvae. However, since only a moderate 
amount of disease is found among larvae less than 5 days old, there is 
little probability of losses from this cause during the first few days of 
feeding. Heavy losses that occur at times among half- to full-grown 
larvae have been traced to several causes, among which this disease 
appears to be one of the less important. 

The high mortalities observed among tuberworm cocoons in pro- 
pagation work, which are rarely less than 10 percent and at times 
exceed 50 percent, are apparently due mainly to causes other than 
Vosema. From time to time estimates have been made of the cocoon 
mortality in breeding trays and samples of the dead cocoons have been 
examined for Nosema spores. Frequently less than half of the dead 
cocoons examined contained spores, and since the tuberworm can 
tolerate heavy Nosema infection, it is quite probable that only a portion 
of the dead found infected with Nosema actually died of that disease. 

Reduced egg production among Nosema-diseased moths has been 
observed, and may be the principal loss caused by the microsporidian 
in host stocks. When the production records of 29 diseased and 12 
nondiseased moths were compared, it was found that the latter lived 
longer, oviposited over a longer period, and laid 32 percent more eggs. 
The larvae that hatched from the eggs produced by 16 diseased moths 
were allowed to enter potato to feed. A microscopic examination 5 
days later gave further evidence of the unproductiveness of diseased 
moths and pointed to the desirability of excluding them from breeding 
stock The eggs laid by 5 of the diseased moths were apparently 
disease-free, while some of those laid by each of the remaining 11 moths 
were diseased. Examination of 331 young larvae indicated that of 
the eggs laid by the 11 moths 20 percent were diseased as compared 
with 12 percent of those produced by all 16 diseased moths. On an 
average 26 larvae were reared from moths that produced only disease- 
free eggs, while 18 were reared from those that produced diseased eggs. 

Effect on propagation of Macrocentrus.—The writer has found 
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losses from .Vosema disease to be more apparent and extensive among 
Macrocentrus bred on infected tuberworms than among the host insects. 
Diseased parasite adults are frequently weak or crippled at emergence, 
they have lowered vitality, and produce fewer progeny. However, 
there are no more infected parasites in the progeny from diseased 
parents than from nondiseased, and the ratio of females is not affected 

The longevity of 5 pairs each of diseased and nondiseased adults 
maintained at normal temperatures was observed. Diseased indi- 
viduals of both sexes had a shorter life span. The healthy females 
lived for an average of 13.0 days and the diseased females for 9.1 days. 
The difference was significant at the 5—-percent level. 

The reproductive capacity was tested in five replications, and was 
measured by the number of parasite cocoons produced. The average 
for the nondiseased females was 97.4 cocoons and for the diseased 36.0, 
a difference which was significant at the 5 percent level. The observed 
reproductive capacity of the diseased individuals was considerably less 
than half of that of the nondiseased. The disease was present in 40 
percent of 333 progeny reared from healthy parents, and 39 percent of 
117 reared from diseased parents. 


TABLE II 


INCIDENCE OF NOSEMA IN THE POTATO TUBERWORM AND IN MACROCENTRUS 
REARED F Rom I1 


Average Nosema 
Incidence in 
Parasites Sample: 
In Parasite In Tuberworm 


Moth 


Percent Number Percent Percent 
Less than 9 27 3 5 
10-19 5 16 24 


20 or more 3 25 27 


The percentage of Nosema disease found in the two sexes is about 
the same. In one large sample 17 percent of 2,188 females and 16 
percent of 2,102 males were diseased. 

The prevalence of disease among Macrocentrus adults appears to be 
fairly well correlated with that among the host insect: In other 
words, the incidence of Nosema in the parasite depends on its incidence 
in the host, and the examination of parasites provides an index of the 
degree of infection in the tuberworm from which they were reared 
During 1946 and 1948 counts were made of the diseased specimens 
among various lots of parasites, and estimates were made of the in- 
cidence of Nosema among the host insects in 35 breeding lots. The 
Vosema samples included all, or nearly all, the parasites reared from 
each lot, and ranged from a few dozen to about 200. For the host 
estimate 10 moths were examined microscopically, and when the 
incidence of Nosema was less than 10 percent several additional groups 
of 10 were examined. In Table II these data have been assembled in 
three groups according to the percentage of Nosema in the parasites. 
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In 1946 a comparison was also made of the incidence of Nosema 
in four trays stocked with eggs obtained from heavily infected moths 
and in four trays stocked with eggs from lightly infected moths. A 
microscopic examination was made of 10 to 20 moths and 100 to 500 
Macrocentrus adults developing in each tray. In the trays stocked 
with eggs from the heavily infected moths, 62 percent of the tuberworm 
moths and 44 percent of the parasite adults were diseased as compared 
with 25 and 15 percent, respectively, in those from the lightly infected 
moths. The difference in disease incidence between the two groups 
was significant statistically; thus, it was demonstrated that in tray 
lots as used in routine rearing the incidence of Nosema in both the 
tuberworms and Macrocentrus reared from them is higher in progeny 
from highly diseased than from lightly diseased moths. In general, 
Vosema incidence determined from Macrocentrus samples has been 
similar to determinations from tuberworm moth samples, but about 
one-third less. 

The Macrocentrus adults which are assembled for liberation are 
collected from the walls of large cages. Many of the diseased adults 
are so weak that they die in the trays or on the floor of the cage, and 
fail to reach the walls from which the parasites are assembled. In 1946 
it was estimated from an examination of 25 samples that the incidence 
of Nosema among Macrocentrus in the trays was about 40 percent; yet 
the average osema in 17 samples taken from the walls where they 
were being collected was only 17 percent. This indicated that the loss 
in weakened individuals that died in the trays and cage was at least 


as large as the losses in diseased parasites after they were assembled for 


liberation. 

Parasites assembled for liberation are frequently held in cold storage 
for several days after emergence. If stored under optimum conditions, 
they may be fairly suitable for such use for 10 days or longer. Storage 
losses among diseased parasites are higher than among nondiseased 
ones. In one lot of 2,150 nondiseased and 510 diseased parasites the 
losses due to mortality during storage were, respectively, 1.5 and 24 
percent. Similar data were obtained from 17 samples that had been 
stored for different periods up to 25 days. However, not all the diseased 
parasites died early. In one of these samples, having originally 22 
percent of Nosema and having been stored for 24 days, during which 
time two-thirds of the parasites had died of old age, 9 percent of the 
survivors were .Vosema-diseased. 

In the propagation of Macrocentrus in the potato tuberworm, when 
enough breeding parasites are used to produce a desirable rate of 
parasitization, the total number of insects emerging (host and parasite 
adults) per unit lot is less than in similar lots in which only the host is 
reared. In breeding lots in which the host larvae are weakened by 
Vosema infection, mortalities would be expected to be high among 
weakened larvae when they become parasitized. However, if mor- 
talities were high there should be a difference in the numbers of insects 
emerging and in the numbers of parasites produced by lots having a 
high and by those having a low .Vosema incidence. The writer has 
been unable to obtain convincing evidence of such losses. On the 
contrary, in Table I, the largest values in total numbers of insects 
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emerged were obtained in two lots having 80 and 90 percent of Nosema 
infection. In 16 trays of parasites reared in 1946, in which there was 
a considerable range of Nosema incidence, the data have been arranged 
in an ascending series of percent .Vosema in parasites, as shown in Table 
III, in order to reveal whether any inverse trend existed in host and 
parasite emergence. 


TABLE III 


Errect OF NOSEMA INCIDENCE ON EMERGENCE OF TUBERWORMS AND PARASITES 


Nosema in parasites Host and Parasites 
parasites emerged emerged 


Percent Number Number 
0 358 216 

6 349 183 

2 367 171 

2 235 389 


~ 


9 1,304 TY 
5 316 175 
0 497 176 
ac 446 293 
9 362 106 
6 305 173 
Ss 256 27 
6 ) 328 
y bd 105 

OS 


mm em CODD DO 


7 
8 72 276 
2 319 


No trends can be detected in these lots. The incidence of Nosema 
falls into three groups. It ranged in the first group of nine trays from 
0 to 4.9 percent, in the second of four trays from 16.6 to 29.9 percent, 
and in the third of three trays from 45.7 to 50.2 percent. The average 
emergence in the low-Nosema group was 582 total insects and 252 
Macrocentrus, which is not significantly different from the 637 total 
insects and 231 parasites emerging in the high-.Vosema group. All 
emerging parasites were counted; hence pre-emergence losses due to 
disease are evaluated, but post-emergence losses are excluded. No 
relationship is indicated between the incidence of the disease in the 
host and the production rate of Macrocentrus. Several other lots 
gave similar results and no contrary results were obtained. 


INFECTIOUSNESS OF SPORES FROM VARIOUS SOURCES 


A convenient way of testing the infectiousness of Nosema is to 
inject a water suspension of the spores into deep cuts in potato and 
then stock the potato with hatching tuberworm larvae from disease- 
free or low-disease stock. It has been found that rates of infection 
are highest when hatching larvae are introduced within a few hours 
after the spores are injected into the potato. Many larvae in entering 
the potato become exposed to the disease. Infection rates can be 
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measured by microscopic examination of wet mounts of crushed larvae, 
pupae, or adults at any time after a 5-day incubation period. 
Suspension of the crushed bodies of living diseased tuberworm 
larvae, pupae, and adults, and dead pupae and adults have al! been 
found to be highly infectious. When used to inoculate tuberworm 
larvae, spores from diseased living and dead Macrocentrus adults 
appear as infectious as spores from tuberworms. Dead tuberworm 


larvae appear to be moderately infectious. 

On the other hand, eggs have not been found to be highly infectious. 
For example, when potato was inoculated with a suspension prepared 
from crushed, newly deposited eggs obtained from moderately in- 
fected parents and then stocked with tuberworm relatively free of 
disease, only one diseased larva was found in a sample of ten &-day-old 
larvae examined microscopically. At the same time two diseased 
specimens were found in a check, for which the inoculum was prepared 
from eggs of! the same lot after they had received the customary heat 
treatment (116.6° for 20 minutes) to free them of infection. Since 
progeny developing from diseased eggs have a high incidence of Nosema, 
these results suggest that the Vosema usually present in the egg is either 
much attenuated or occurs in a prespore stage. 


HOW LONG DO SPORES REMAIN VIABLES 


Since sanitary measures are a part of the effective control of Vosema 
in mass breeding of the potato tuberworm, obviously such operations 
will depend on the length of time spores remain infectious. Steinhaus 
and Hughes (4)* have shown that spores of Vosema destructor held in a 
water suspension and refrigerated remain viable for 184 davs, and that 
dry smears in petri dishes in a darkened drawer at room temperature 
remain infectious for at least 38 days. A water suspension prepared 
at Moorestown and stored at 40°F. remained infectious for 5 months. 

The work at Moorestown has been concerned chiefly with spore 
survival under rearing conditions at 80°F. and 40 to 60 percent relative 
humidity. Since the sources of contamination, aside from the diseased 
living stages, are limited to dead insects and extraneous spores in dust, 
debris, fecal deposits, and smears of dead insects, a study has been 
made of dry smears on slides and on potato to simulate the habitat of 
extraneous spores and of dead insects. In general, the duration of 
viability under these conditions has been shorter than that observed by 
Steinhaus and Hughes. 

Spores outside the host bedy.-A test of the viability of spores in a 
breeding room was made in 1948. About 50 ml. of a heavy suspension 
of Nosema spores was prepared from 50 living and diseased tuberworm 
larvae, pupae, and adults. Punctured potatoes were dipped in this 
material, dried, and stored in a breeding room. At frequent intervals 
for 16 days thereafter infected potatoes were stocked with hatching 
larvae of disease-free stock and reared in sterile containers. For each 
sublot reared on inoculated potato a check sublot was reared on un- 
infected potato. The percent of Vosema was determined by a micro- 
scopic examination of 20 cocooned larvae from each inoculated sublot 


*Supplemented by personal communication from Steinhau 
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and 10 from its check. The incidences of .Vosema in the inoculated 
lots are shown below. The age of the inoculum was reckoned from the 
day the potatoes were dipped. No infection was found in the checks. 


Age of inoculum Percent of tuber Age of inoculum Percent of tuber 


(days worms infected (day worms infected 


50 
45 
40 
50 
40 


The infectiousness of the inoculum persisted unimpaired for 7 da 
Thereafter it decreased rapidly and apparently had disappeared at the 
end of 16 days. 

Spores within the host body._Tests to determine how long spores 
are viable within the body of the host were made with diseased 
Macrocentrus adults. This host was selected because diseased indi- 
viduals are easily sorted out, and in the absence of food they die within 
a few hours without adversely affecting the spores they carry, as other 
means of killing might do. The dead parasites were kept in a breeding 
room. At intervals several were ground up in water, and the suspension 
was injected into deep cuts in potato. For each inoculum test there was 
a check receiving no inoculum. The potatoes were stocked with low 
disease eggs of the potato tuberworm, each test and its paired check 
receiving eggs from the same lot. Nosema incidence was determined by 
microscopic examination of samples of 10 tuberworm pupae or adults; 
20 tuberworms were in the sample inoculated 1 day after death of the 
host. Of the tuberworms given inoculum | day after death of the host, 
95 percent were infected; of those inoculated after 3, 5, and 18 days, 
50, 60, and 90 percent, respectively, were diseased. None of the 
paired checks showed any infection except those inoculated after 18 
days, 10 percent of which were infected. Therefore, the viability of 
spores in the body of the host may remain unimpaired under breeding- 
room conditions for at least 18 days. 


EFFECT OF CONTAMINATION OF REARING CONTAINERS 


Since Vosema spores remain viable, under breeding-room conditions, 
for at least several days, it seemed that the use of contaminated equip- 
ment might appreciably increase the abundance of Nosema. Several 
tests were made under conditions closely approximating normal breed 
ing routine, in which contaminated breeding trays without being 
sterilized were restocked immediately after the previous breeding lot 
had been discarded. In the first test the check trays were dipped in 
boiling water, and in the second they were dipped in formaldehyde 
solution. In these two tests all the trays had the same history in 
respect to Nosema contamination. .Vosema abundance was determined 
from samples of dead cocoons. In the third test the check trays had 
been brushed and heat-treated long before the test was started, and 
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the abundance was determined by a loupe examination of large samples 
of Macrocentrus adults. The results of these three tests are given in 


Table IV. 
TABLE IV 


ErrECcT OF NOSEMA CONTAMINATION OF TRAYS 
ON THE REARING OF TUBERWORMS 


Emergence 


Nosema found All insects Macrocentrus 
Repli 


cation Untreated | Treated | Untreated | Treated | Untreated | Treated 


Number Percent Percent Number | Number! Number | Number 
7 t 7 605 S16 269 439 


‘ q . ‘ l 
10 f 9 2 653 669 317 325 
5 2.6 


'Three replications in check lot 


It is concluded from these data that exposure of fresh stock to 
recently contaminated rearing containers does not noticeably increase 
the incidence of Nosema and that in routine rearing such exposure is 
an insignificant factor compared with the transmission of Nosema in 
untreated eggs. However, contamination of containers might be 
sufficient to permit the disease to persist after it has been eradicated 
from the egg stocks, and it must therefore be considered when complete 
eradication is att mpted. 


WHEN DO TUBERWORMS BECOME INFECTED? 

Several workers have found that Nosema disease in the tuberworm 
is habitually transmitted in the egg. When infected eggs hatch, the 
young larvae entering the potato are apparently able to spread the 
spores throughout the food supply as soon as they begin to excrete 
them. To this source of infection may be added the spores carried 
into the potato on the bodies of the entering larvae and rubbed off on 
the walls of the feeding tunnels. These spores may greatly increase 
the degree of infection in a breeding lot if the developing larvae can 
become infected. The following experiment furnished information on 
this point. 

Potatoes were stocked with disease-free eggs from a single lot to 
provide a number of one-potato colonies of disease-free larvae of the 
same age and history that had been isolated from infection up to the 
time of inoculation. Daily throughout the larval period colonies were 
inoculated by injecting water suspensions of spores into deep cutsin 
the potato. During the experiment several spore suspensions were 
used, some of which may have been more potent than others? The 
check consisted of one colony that received no inoculum. The check 
and each inoculated colony were isolated and reared to moth emergence. 
Nosema incidence was determined by a microscopic examination of 8 
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to 20 moths 21 days after the larvae had hatched, with the results 
shown in Table V. 
TABLE V 


PRESENCE OF NOSEMA IN TUBERWORM LARVAE 
INOCULATED AT DIFFERENT AGES 


Age when Moths Nosema 
inoculated examined found 


(days Number Percent 
8 38 
20 55 
10 70 
10 90 
10 90 
10 SO 
1s 6 
10 20 
10 SO 
20 45 
20 5 


DNoO OC PWN © 


Check 20 0 


Between inoculation and examination there was ample time for the 
completion of a cycle of Nosema, even in the 10-day-old larvae, although 
in the last three or four lots there would scarcely have been time for 
completion in individuals before cocooning and pupation. In the 
first five lots there would have been two periods of infection of feeding 
larvae, the first from the initial inoculation and the second 5 days 
later, when diseased larvae would begin to excrete spores. Since 
Nosema was found in larvae of all ages, and none in the check, it was 
concluded that larvae may become infected at any time throughout 
the feeding period. The tendency to higher rates of infection among 
younger larvae in this experiment may indicate greater susceptibility 
or the increased exposure to infection previously explained. 


INCIDENCE OF NOSEMA IN THE TUBERWORM 
Relation of incidence to the age of the breeding lot.—The increase of 
Nosema incidence in a single breeding lot of tuberworms was observed 
by making a microscopic examination of 10 individuals each day from 
the first appearance of young larvae to moth emergence. The steady 
increase in the rate of Nosema is shown in Table VI. 


TABLE VI 


INCREASE IN Nosema INCIDENCE AS TUBERWORMS DEVELOP 


Period Dominant Average percent 
(day stage Nosema 


1 to 5 Young larvae 0 
6 to 1] Half-to full-grown larvae 10 
11 to 15 Cocoon: 16 
16 to 21 Adult 20 
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In another experiment an attempt was made to determine whether 
there is a marked increase in Nosema within the same lot of tuberworms, 
from the late larval to the adult stage. From each breeding lot a 
microscopic examination was made of 10 larvae 7 to 8 days after hatch- 
ing, 10 pupae 15 to 17 days after hatching, and 10 moths as soon as 
they emerged. The observations were replicated in 16 breeding lots 
The percent of diseased tuberworms averaged 21.2 in the larvae and 
33.1 in both pupae and adults. Thus, while there was a substantial 
increase in Nosema from the larval to the pupal stage, there was no 
increase thereafter 

Other data obtained suggest that within the same breeding lot 
late-emerging insects may have higher rates of Nosema than those 
emerging early. Observations were made on the diseased moths among 
those emerging from 8 breeding lots of similar history. Samples of 20 
moths were examined microscopically. In each lot three samples were 
taken. The average percents of Nosema observed were 11, 22, and 26 
for the first, second, and fifth days of moth emergence. The diseas 
among those emerging first was significantly less than among the other 
two. This is more likely the result of retarded emergence of diseased 
individuals than any direct increase of incidence among adults 

Nosema in parasitized and unparasitized tuberworms.—Observations 
have been made from time to time on the number of diseased tuberworms 
in lots exposed to parasitization by Macrocentrus compared with those 
not so exposed The parasites used in breeding could spread the 
disease in a breeding lot by inserting contaminated ovipositors in breed- 
ing tunnels, by causing puncture wounds (which might be channels of 
infection), and by injecting spores into the bodies of the young larvae 
attacked However, no conclusive evidence has been obtained of any 
appreciable increase in Nosema infection as a result of exposure to 
breeding parasites 

Effect of variations in ventilation and moisiure.—Breeding lots in 
trays often become heavily charged with strong odors and gases, some- 
times accompanied by excessive wetness and soft rots in the potato. 
Such conditions might favor the rapid increase of insect disease. 
Tuberworms were reared in eight trays in which ventilation was greatly 
reduced by placing masonite lids over the gauze-cloth covers and heavy 
paper on the gauze bottoms of the breeding trays. The masonite lids 
were removed during the cocooning and emergence periods. For each 
tray there was a paired check tray with a similar history, except that 
ventilation through the gauze cover and tray bottom was unobstructed 
Nosema incidence was determined by loupe inspection of large samples 
of the Macrocentrus adults that emerged. Nosema in the poorly- 
ventilated trays averaged 15.7 percent and in the well-ventilated trays 
16.5 percent 

In a similar manner observations were obtained on breeding lots 
in three pairs of trays in which there was excessive moisture and potato 
rot in one of each pair but not in the other. Nosema in the trays with 
excessive moisture averaged 21.8 percent and that in the check trays 


25.0 percent From these observations no conclusive evidence was 
obtained of any relation between ventilation, excessive wetness, or 
potato rot, and the amount of Nosema. 
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Influence of hot weather on incidence of Nosema in tuberworms.—lIt 
has been observed that Nosema incidence falls off in July, when ex- 
tremely hot weather usually begins. During such periods the temper- 
ature in the breeding cages, normally operated at 80° to 82°F., may 
rise to 90° or more for several hours during midday. 

To determine whether hot weather has been a factor in Nosema 
reduction, an experiment was set up in which hot weather was simulated 
by exposing tuberworms to increased incubator temperatures for about 
5 hours a day. The available thermo-controls did not operate efficient- 
ly at a constant level; hence the heat during the 5-hour period ranged 
from 90° to 99°F., with an average near 95 Except for the 5 hours of 
high heat, the stock was reared at SO Five sections, cut from the same 
egg sheet, were used to start five sublots, which were permitted to hatch 
and penetrate potato in the usual manner. On the day after the eggs 
hatched heat treatments were started A check sublot received no 
high temperature exposure. The four others were exposed to the high 
temperatures for the first 2, 4, 7, or 8 days of larval development. The 
experiment was repeated once with eggs from another egg sheet 
Nosema incidence was determined by microscopic examinations of 


samples of 20 cocooning larvae 
In the first lot exposed to high temperatures, sublots exposed 
‘ 


respectively for 2, 4, 7, and 8 days had 5, 30, 0, and 30 percents of 
Nosema; and in the second lot, sublots exposed respectively for 2, 4, 5, 
and 7 days had 45, 20, 30, and 20 percents of Nosema. There was 10 
percent Nosema in the first check and 25 percent in the second check 
No evidence was found that hot summer weather had any effect in re 
ducing Nosema infection 


HEAT TREATMENT OF TUBERWORM EGGS 

Some of the information gained on the behavior of Nosema in 
laboratory breeding of the tuberworm has permitted a few changes 
of technique that tend to reduce infection sy far the most impressive 
results have been obtained through the application of a principle in 
disease control, which is that elevation of temperature to a level lethal 
to internal pathogens may not be harmful to the host. This principle 
has been used to some extent in human pathology White (1919) 
found many years ago that Nosema apis was readily killed by heat, 
and Allen and Brunson (1947) applied the principle to Nosema control 
In studies of the potato tuberworm, the egg has been found to be the 
logical stage for the application of heat 

The heat treatment of eggs may be varied to meet local conditions 
The basic requirement is that it be effective without seriously injuring 
the eggs or greatly increasing the difficulty or work of breeding oper- 
ations. Oven heat may be used, but water-bath temperatures are 
more constant and dependable. The eggs, attached to cloth or paper, 
may be directly immersed or may be enclosed in a waterproof envelope 
during treatment. The heating mediurn should be circulated to obtain 
a uniform temperature in all sections of the material, and for operating 
convenience the exposure period should be as short as possible. 

In the breeding work at Moorestown a 20-minute exposure at a 
water-bath temperature of 116.6° meets these requirements. The 
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degree of control is always high, egg injury is slight or absent, and 
operational costs are low, even when small portable baths without 
automatic heat controls are employed. For several years treatments 
have been made in metal cages having many small compartments 
separated by metal plates. The egg sheets are placed two to a com- 
partment, egg surfaces touching each other, to avoid injury from the 
drag of surface tension on the metal plates. The cages are enclosed 
in hardware cloth to permit free circulation of hot water. With a full 
load of egg sheets the metal rack is heavy enough to sink and remain 
stabilized in the circulating water. At the end of the treatment the 
rack is drained, and the egg sheets dried on a clean surface. They are 
then returned to cool storage to be used when needed. 

In routine breeding operations extending over 5 years, the writer 
has been able to obtain a high degree of control over Nosema by the 
heat treatment of eggs. Several times, through the persistent use of 
this method for the treatment of all eggs used in breeding, Nosema was 
completely eradicated from our breeding stock. Heat treatments of 
the eggs were then discontinued, but Nosema infection always recurred 
after a few weeks to several months. There is a possibility that some 
strains are more resistant to heat treatment than others. In 1948 a 
moderate infection of Nosema persisted after months of continuous 
treatment of all the eggs used in breeding. This strain was eliminated 
and a new breeding stock was started from a pair of disease-free moths 
in an uncontaminated environment. 

Effect of heat treatment on eggs.—-The exposure of eggs for 20 minutes 
at 116.6°F. does not seriously injure them, but it is close to the point at 
which perceptible injury may result. At 118.4°F. or higher there may 
be considerable injury, even at 10-minute exposures. There is no per- 
ceptible difference in the injury sustained by fresh eggs or by eggs that 
have been in cool storage for several days. This injury is expressed in 
a reduction in the percentage of eggs hatching. There has been no 
evidence of heat affecting development beyond the hatching period. 
In routine breeding there are usually some lots in which the heat treat- 
ment apparently causes slight losses among the eggs, but not enough 
to affect the breeding results adversely. 

Effect of varying heat and time periods._-In 1948, when it was dis- 
covered that complete eradication of Nosema was not being achieved by 
persistent heat treatment of the eggs, an experiment was set up to com- 
pare the standard treatment of 116.6°F. for 20 minutes with heat 
treatments that were more drastic from the standpoints of effect on 
egg hatching, parasite emergence, and disease control. The treat- 
ments were applied to four lots of eggs as previously described, and the 
eggs were then incubated, transferred to punctured potato, stocked 
with breeding parasites, and reared to emergence in the usual manner. 
Random samples of 100 eggs were examined to determine the percent 
that hatched. All Macrocentrus adults that emerged were included in 
a loupe examination to determine the incidence of Nosema. The treat- 
ments tested and the results are given in Table VII. 

There was a definite indication of injury to eggs exposed to 118.4° 
and 120.2°F., but even at the highest heat and for the longest exposure 
this injury was not sufficient to reduce the total numbers of emerging 
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insects and parasites to less than that of the no-heat check. The de 
gree of heat was more critical than the duration of treatment. Heating 
at 116.6° for twice the normal period caused no injury to the eggs, and 
the usual degree of Nosema control was obtained. However, there 
was no indication of any improvement by increasing either the time 
beyond the usual 20 minutes or the temperature above 116.6°, or by 
simultaneously increasing the time and the temperature within the 
ranges observed. 
TABLE VII 


Errect oF HEAT TREATMENTS OF TUBERWORM EGGs FOR Nosema CONTROI 


Treatment = 
Total 
Lot | Temper insects Parasite Nosema \Control of 


No ature Exposure Hatch emerged | emerged Nosema 
F Minutes Percent | Number | Number | Percent Percent 


116.6 20 9] 268 61 98 S1 
30 92 302 60 0 100 
40 9] 244 61 3.3 94 
Check, heat 92 LSO 17 52.§ 


116.6 20 90 404 54 0 100 
30 9] 14] 40 2.i 
40 93 306 93 3.4 
Check, |t heat 92 274 45 
118.4 20 65 S4 22 
30 69 105 33 
40 62 123 29 
Check, |n heat 78 249 53 
120.2 20 65 208 70 


30 78 299 63 
4() 67 266 70 
Chec k, 1 1e% Q5 206 56 


Effect of age of eggs and lime of treatment. In the routine breeding 
of the tuberworm, eggs may be kept in cool storage (40° to 42°F.) for 
as long as 20 days. They are removed from storage as needed and 
incubated at SO0° for 2 to 3 days before being transferred to potato for 
the period of hatching and entry. Tests were therefore conducted to 
determine the effectiveness of the heat treatment in Nosema control 
when applied to eggs stored for different periods of time and when 
applied before and after incubation. 

One experiment was set up to test the degree of Nosema control on 
eggs that had been placed in cool storage within a few hours after 
deposition and kept there for varying periods of time. The age of 
these eggs is expressed in the number of days that elapsed in cool 
storage between deposition and heat treatment. Two segments were 
cut from each egg sheet tested, one of which received the standard 
heat treatment at 116.6°F. for 20 minutes and the other no treatment 
After treatment the eggs were transferred to clean trays with potato 
and reared to emergence. Nosema incidence was estimated by micro- 
scopic examination of fairly large samples of moths. 
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Fa) ’ J, 7 
Moths reared in their no-heat checks had, respectively, 10, 1, 30, 3, and 


2 percent of Nosema compared with no Nosema in any of the heated 
sublots, except the 13-day-old eggs, in which it was 3 percent. The 
data indicate that Vosema may be controlled in stored eggs of different 
ages, up to at least 17 days, by the standard heat treatment. 

In 1946-47, after it had been discovered that tuberworm eggs in- 
cubated almost to the hatching point were more resistant to injury 
from heat treatment than the other eggs, the time of heat-treating 
them in routine procedure was delayed until near the end of the incu- 
bation period. The result was an immediate increase in the amount of 
Vosema that persisted even when the heat exposure was raised to 
118.4°F. for 20 minutes. As soon as a return was made to the heat 
treatment of eggs before incubation, the infection fell abruptly and 
subsequently disappeared from the stock. In eight successive breed- 
ing lots heated at 116.6°F. for 20 minutes late in the incubation period, 
November 18 to December 16, as determined by loupe inspection of 
samples of 100 early emerging Macrocentrus from each lot, the average 
percent of Vosema was 14.1. Subsequently, in 8 successive lots treated 
before incubation, December 20 to January 13, the average was 1.5 
percent. The detailed figures follow 


Eggs that had been in storage 0, 2, 13, 15, and 17 days were tested. 


Percent of Nosema 


Heat-treated late in incubation period 16, 13, 12, 14, 8, 19, 20, 11 
Heat-treated before incubatior 7.0, 0, 0, 2, 0, 3,0 


The data obtained indicate that during incubation Nosema organisms 
in the egg will develop to a stage that is no longer vulnerable to heat 
treatment. Therefore, heat treatment should be used on eggs before 
they have been incubated. 


HEAT NECESSARY TO KILL NOSEMA 


When sanitary measures are being applied to lessen Nosema infec- 
tion, it is desirable to know how much heat exposure is necessary to 
effect complete sterilization. In tests made to determine this exposure, 
it was found that most (possibly all) of the spores are killed instan- 
taneously in boiling water, in flowing steam, or by heat exposures at 
200° for 15 minutes. 

In a later test smears of heavy suspensions of Nosema spores were 
subjected to a series of heat treatments presurmed to span the lethal 
temperature zone. All heat treatments were of 20 minutes’ duration. 
After treatment the smears were again suspended in water, which was 
injected into potato. The potatoes were stocked with tuberworm eggs 
and confined in cloth- apped jelly glasses. The test was replicated 


three times. In each replication there was an inoculum check of an 
untreated smear and an egg check that received no inoculum. Nosema 
determination was based on a microscopic examination of larvae at 


cocooning time. 

No .Vosema was found in the egg checks, but its incidence was high 
in all exposures at 104°, 113°, 122°, and 131°F., an indication that few, 
if any, spores were killed by a 20-minute exposure at these temperatures. 
In one sample of eggs treated at 131° the infection averaged 30 percent. 
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The amount of Nosema was sharply reduced after treatment at 140 
and the disease was absent after treatment at 149°, 158°, 167°, and 176 
No disease was found in samples from two of the three replicates 
treated at 140° and only one diseased specimen was found in the sample 
from the third replicate. In another test, in which no egg check was 
reared, a little Nosema was found in the treatment at 149 

These data indicate that complete sterilization was obtained by dry 
heat at 158° for 20 minutes; that apparently a large proportion of the 
spores survive exposure to 116.6°, the temperature that is so effective 
in reducing infection in the egg; and that spores do not begin to show 
any abrupt decrease in potency until they are exposed to temperatures 
above 131 Dry-heat sterilization at 158° is desirable for breeding 
trays, since it does not damage metal, wood, or cloth, and it destroys 
stray diseased insects and large foci of spores, as well as the thinly 
distributed contamination. It cannot readily be used against con 
tamination of large cages or stationary breeding equipment 


STERILIZATION WITH FORMALDEHYDE 

Several preliminary tests with diluted formaldehyde suggested that 
this material was highly toxic to Nosema spores. A mixture of | part 
of commercial formaldehyde to 19 parts of water was selected as a gen- 
eral disinfectant. It is suitable as a dip or as a spray for treating 
breeding trays, potatoes, and breeding cages, and stationary equipment 
of all sizes. The disinfectant evaporates with the water in which it is 
dissolved without leaving any objectionable residues 

Subsequently, a series of tests was carried out, in duplicate, to 
determine more precisely the value of formaldehyde in the sterilization 
of Nosema spores. Smears of these spores of high potency were pre 
pared in the same manner as described previously, dipped in a 1:20 
dilution of formaldehyde for 2 to 20 minutes, washed in clean water, 
and dried. The smears were then resuspended and tested against 
tuberworm larvae, as in the heat-sterilization experiment. All the 
eggs used in this experiment came from the same egg sheet and 
were found to be disease-free. The untreated inoculum produced 70 
percent infection in one sample and 90 percent in the other. No 
Nosema was found in samples treated with inoculum prepared from 


smears dipped in the formaldehyde solution for 2, 5, 10, or 20 minutes 


These data indicate that complete kill of spores resulted from a 2 
minute exposure to a 1:20 dilution of commercial formaldehyde 

Since egg sheets are likely to be heavily contaminated with spores 
which cannot be killed at the temperatures used to control the Nosema 
within the eggs, dipping in formaldehyde provides a means of obtaining 
both internal and external controls. Tuberworm eggs have been 
dipped in 1:20 formaldehyde solutions for periods up to 15 minutes, 
then rinsed, dried, and incubated, without any trace of injury. Dipping 
for a 5-minute interval has been used as a standard procedure at 
Moorestown. 


SUMMARY 


A microsporidian disease of the potato tuberworm (Gnorimoschema 
operculella (Zeller)) caused by a species of Nosema, presumably A 
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destructor Steinhaus and Hughes, has become a laboratory pest of 
considerable importance in the mass production of the beneficial 
parasite, Macrocentrus ancylivorus Roh., when reared from the tuber- 
worm. The potato tuberworm seems to be able to withstand high 
infections of the breeding stock without serious deterioration, although 
diseased moths produce fewer eggs than do those that are not diseased. 
When the tuberworm is used to produce Macrocentrus, many of the 
parasites die of the disease. Those strong enough to be included in 
material assembled for orchard liberation are less vigorous and shorter- 
lived than the nondiseased adults 

The surfaces of breeding equipment and the walls and floors of 
rearing cages are continually being contaminated by Nosema spores 
being deposited in the feces of moths and parasite adults, and the 
frass of the tuberworm larvae, and by spore-laden dust and smears or 
fragmented particles of dead tuberworms and Macrocentrus infected 
with the disease. However, the most important source of Nosema 
infection in each new breeding lot is the disease within the eggs laid by 
diseased moths 

Nosema spores obtained from various stages of the potato tuber- 
worm and its parasite, living or dead, are highly infectious when in- 
gested by tuberworm larvae. The spores require 4 to 5 days at 80°F 
to develop through a complete cycle. Exposed spores in breeding rooms 
remained viable for only a few days, but in the bodies of dead insects 
they retained a high potency for at least 18 days. 

The incidence of Nosema in Macrocentrus is unrelated to that of 


the parent parasites, but is proportional to, although perceptibly less 
than, that of the host tuberworms. The incidence within the eggs 
from diseased moths was found to be low at hatching, only 12 percent; 
yet more than 50 percent of the moths reared from such eggs normally 
had Nosema infection. Within a few days of becoming infected each 
feeding larva spreads infected frass through its feeding tunnels from 
which the other tuberworms become infected throughout the larval 


period 
Nosema in the tuberworm can be controlled by heating the eggs, 
before they have been incubated, at 116.6°F. for 20 minutes Persistent 
treatment of successive lots reduces the incidence to a low level and 
mav eliminate the disease Surface contaminations of spores were 
killed instantaneously with boiling water and flowing steam. Some 
spores appeared to survive dry heat at 131°F. for 20 minutes, but all 
were killed at 158° for 20 minutes. Surface contaminations of spores 
are also completely destroyed by a 2-minute exposure to a 1:20 dilution 
of commercial formaldehyde. 
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A NEW MITE, VASATES LUPINI N. SP., ASSOCIATED 
WITH ROSETTE OF LUPINE! 


(Acarina, Phyllocoptoidae) 


BATCHELOR? 
Ith Service, Wet 


AND 


P. BREAKEY 


FLO! Experiment 


On November 4, 1949 the junior author visited an o 
near the original site of Fort Nisqually, now adjacent 
dock of the Du Pont Company at Du Pont, Washingto1 
noted that certain lupines growing there, Lupinus albicaulis Doug! 
had unusual vegetative growth for that time of year. The plants had 
this lupine is 


apparently become shrubby evergreens when normal 


a typical herbaceous perennial. There was a pronounced shortening 
d] 


\ < 
lL ICA Ve 


of the internodes and an increase in the number of branches an 
leading from the main stem, giving a witches’-broom or rosette effect 
(fig. 1). Numerous eriophyvid mites, herein described as Vasatles 
lupini n. sp., were found on the leaves and stems. They were difficult 
to find because of their ability to remain partially hidden 

dense pubes ence of the host 

When the plants were examined during the blooming period in May 
it was found that many flowering racemes had become abortive or 
failed to develop entirely. In addition to the shrubby overwintered 
evergreen stems, the plants had produced some stems of the current 
season’s growth that appeared to be quite normal. The injury her 
resembles that caused by the bud mite of grapes. (Smith and Stafford 
1948) 

The infestation may have originated within ballast which wa 
unloaded from ships near the original site of Fort Nisqually. Sine 
lupines examined in other areas within the state revealed neither mite 
nor injury as described above, it is assumed that this species of mite is 
responsible for the change in these plants 

Keifer (1946) described the eriophyid mite, Aceria calilupini, from 
Lupinus albifrons Benth., a white pubescent lupin He found thi 
mite also lives in the pubescence around the border and under the 
petiole bases. At first the authors believed their find might be thi 
same as Keifer’s, but a more critical examination disclosed that th 
mite belongs to another genus which is characteristic in that it is def 
initely of a phyllocoptoid rather than eriophyid type, there being 
twice as many tergites as there are sternite: 


Scientific Paper No. 1191, Washington, 
Pullman. Project No. 1066 

*Formerly Assistant in Entomology, We mr Washington Experimer 
Puyallup 
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longs in the genus Vasates. The open net- 
however, does not coincide with any of the 
1 this genus. Because of the characteristics 


the authors feel that this is a new species 


Rosettes of lupine infested by Vassates lupini. Note shortened 
internodes and rosette or witches’-broom effect 


Vasates lupini n. sp 


Female 140-160 u long, 604 wide, 5S thick, spindle-shaped; 
color yellowish Rostrum 25.2 4 long, projecting downward. Shield 
14 w long, 47 w wide, the design an open network with sparse granu- 
lations laterally, the anterior lobe covering the rostrum and ending in 
a sharp point; dorsal tubercles on posterior margin 26.6 « apart; dorsal 
setae 234 long, terminating in a point; featherclaw 8-rayed. Hind 
legs 35 y long, tibia 8.4 u long, projecting slightly backwards. Fore- 
legs 39 uw long, tibia 9.8 uw long, claw 5.6 uw long. Forecoxae contiguous, 
bearing lines and micro-tubercles. Abdomen with about 45 tergites 
and about 70 to 8O sternites; tergites and sternites microtuberculate, 
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tubercles slightly acuminate. Lateral setae 16.8 long, on about 

sternite 7; first ventral setae 32.2 u long, on about sternite 23; second 

ventral setae 15.4 long, on about sternite 41; third ventral 19.6 u 

long, on sternite 6 from rear: accessory setae present. Female geni- 

talia 22.4 uw wide, 14.0 4 long, coverflap smooth; setae 18.2 uw long 
Neither males nor deutogynes were observed 


) 
7 


Fic. 2. Vasates lupinan. sp. (1) Interior structures of the female genitalia 
(2) dorsal view of anterior section; (3) detail of skin from side; (4) featherclaw; 
YP 
5 


female genitalia and coxae; and (6) lateral view of mite 


Type locality:—Du Pont, Washington near the old ballast dump 
where ships unloaded cargo for old Fort Nisqually, adjacent to the 
present Du Pont loading dock 

Collected: November 4, 1949; E. P. Breakey, collector 

Host:—Lupinus albicaulis Dougl., sickle-keeled lupine, growing on 
railroad grade and embankment at above area 

Relation to host:—-Found on the stems and leaf pe tioles among the 
dense pubescence 

Type slide: —So designated, with the above data, in WSC collection 

Paratype slides:—Seven in number, as above. The open network 
of the shield pattern characterizes this mite Also collected at the 
above location June 10, 1950 and August 15, 1950 
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ABNORMAL HEMOCYTES IN MEALWORMS 
(TENEBRIO MOLITOR L.)'” 


JACK COLVARD JONES® AND OscaR E. TAUBER‘ 


Zoology and Entomology Department 
lowa Sta ‘ollege, Ames, Iow: 


Abnormal changes in hemocytes have been described in at least five 
different insects: in Calliplamus which had eaten sodium arsenite 
(Tareeva and Nenjukov, 1931), in Locusta migratoria after feeding on 
odium arsenite and sodium silico-fluoride (Pilat, 1935), in Schistocerca 
gregaria poisoned with sodium arsenite (Lepesme, 1937), in Prodenia 
eridania larvae fed sandwiches containing calcium arsenate, barium 
fluosilicate, sodium fluoaluminate, sodium fluoride, and mercuric 
chloride (Yeager and Munson, 1942), and in Ephestia kuhniella after 
fumigation with methy] bromide, carbon tetrachloride, or dichloroethy] 
ether (Arnold, 1952) 

Three categories of hemocytological changes following poison 
administration were noted by Yeager and Munson (1942) in Prodenia 
plasmatocytes and cystocytes: (1) passive-active transformation and 
cell agglutination, (2) regenerative alterations, and (3) degenerative 
changes. They reported that when poisons affected Prodenia hemo- 
cytes they did so in three progressive stages. The ‘‘marked”’ stage 
was the only one definitely accompanied by a ‘‘toxicological’’ condition 
of hemocytes, which included cell distortion (abnormal hemocytes), 
disintegration of cells, decreases in hemocyte glycogen, and reduction 
in numbers of circulating cells. Although these investigators stated 
that glycogen decreases wert produc ed by various toxins, they re ported 
that arsenicals, fluorides, and mercuric chloride could produce different 
effects upon a given type of hemocyle. This intimation of specific alter- 
ations in hemocytes, by different poisons, led to the present work. 

Toumanoff and Lapied (1950) reported on changes in Galleria 
hemocytes after injection of unstated amounts of DDT into the hemo- 
coel, after body contact with the crystals, and after direct contact of 
hemocytes with DDT in vitro. They made four claims: (1) that DDT 
brought about lysis of hemocytes in vitro, (2) that, following injection, 
hemocytes contained phagocytized crystals of DDT, (8) that hemocytes 
‘“neutralized’’ DDT, and (4) that contact with DDT brought about 
marked changes in differential counts. 

The objectives of the present investigations were threefold: (1) 
whether three different types ol insecticides (DDT, sodium fluoride, 
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and nicotine) would bring about specific kinds of cytological abnor 
malities in the hemocytes of the mealworm, (2) whether a number of 
other substances, which are not insecticides and not necessarily poisons, 
could bring about abnormalities in hemocytes of Tenebrio molitor, and 
(3) whether the first two claims of Toumanoff and Lapied (1950), 
concerning DDT, would apply to mealworm hemocytes under similar 
conditions. 


MATERIALS AND METHODS 


Large larvae, measuring 25 to 30 mm. in length, and adults were 
used for all experiments. In some cases they were exposed continuously 
to pure p,p’ DDT and 95% sodium fluoride in beakers. Other larvae 
were swabbed with DDT in acetone. Some larvae were exposed to 
pure nicotine alkaloid vapors in wire cages in a fumigation chamber 
at 25°C 

Injections of various substances were made only into larvae, in 
approximately 0.001 ml. amounts. 

To make hemolymph smears, mealworms were killed by immersion 
in hot water; hemolymph was spread out in thin films on glass slides 
air dried, or fixed while still wet in methanol, and stained with Wright 
or Giemsa stains. A minimum of 200 and a maximum of 5,000 cells 
was examined in each smear. Total cell counts were made as previously 
described by Jones and Tauber (1951). 

Unfixed, wet hemolymph preparations were made between slide 
and vaseline-rimmed coverslip and examined with the phase micro 
scope as described by Jones (1954). 

All photomicrographs were made from Wright-stained hemolymph 
films of heat-killed mealworm larvae injected with india ink; these 
particular films vividly illustrate most of the cellular abnormalities 
encountered. 


RESULTS 


Alterations of normal hemocyles in vitro (Passive-active transform 

tions) 

Hemocytes from untreated normal mealworms undergo a number 
of transformations in unfixed hemolymph drops and in films on glas: 
slides. Such changes frequently result in ‘‘abnormal’’ hemocytes a 
compared to the great majority of cells in stained films of heat-fixed 
worms and imagoes. 

When seen in the living, undamaged wing of a newly emerged adult, 
the majority of the hemocytes of mealworms are spindle shaped and 
have a fine granularity. Similar observations were made by Dewitz 
as early as 1889. The present writers found that differential counts 
could not be made through the wing membrane because it was not 
possible to bring the cells clearly into focus at high magnifications 
When unfixed hemolymph is placed under a coverslip on a slide, the 
spindle ends of the hemocytes rapidly retract, generally within 15 to 
30 seconds after hemolymph withdrawal. In hanging drops over 
moist chambers, some hemocytes will retain their spindle shapes for 
as long as 15 minutes. 
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In coverslip preparations, most plasmatocytes, after rounding up, 
send out lamellar extensions of protoplasm, but none of them move 
about on glass surfaces by these extensions. This phenomenon was 
also observed by Dewitz (1889). In wet, “‘live’’ preparations the 
nuclei of plasmatocytes do not usually swell or fragment, and were 
only very rarely observed to become vacuolar. In very thinly spread, 
unfixed wet preparations the nuclei of plasmatocytes became more 
distinct but the chromatin did not clump together abnormally. De- 
liberate pressure on thin wet ‘“‘live’’ films caused nuclei of most hemo- 
cytes to lose their normal granular appearance so that they became 
pycnotic, 

Cystocytes (hyaline cells with distinct granules) tend to become 
spherical and their cytoplasmic envelope develops blebs in ‘“‘live’”’ 
drops and films. Their cytoplasm tends to disintegrate in crushed, 
wet films, with granules spilling out into the plasma. Nuclei may 
be extruded from cystocytes without losing their normal appearance. 
In thick, wet, spread mounts the cytoplasm of cystocytes tends to 
swell but their nuclei do not undergo distinct morphological changes. 

If drops of unfixed hemolymph are smeared into thin, air-drying 
films, the cells rapidly agglutinate in large irregularly distributed 
masses: the ¢ ytoplasm of many cystocytes becomes entirely or almost 
completely destroyed and their nuclei frequently fragment or pull 
into fine threads. In improperly spread, heat-fixed material clumping 
of cells and smashing of nuclei can also occur, in addition to other 
cellular distortions. 

Many or all hemocytes at the edges of heat-fixed hemolymph 
films from normal mealworms may occasionally appear extremely 


EXPLANATION OF PLATES 


All photomicrographs in Plates I through IV were made from portions of thin, 
Wright-stained hemolymph smears made from mealworm larvae injected with 


india ink tn saline 
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EXPLANATION OF PLATE 
All 


A Group of plasmatocyt howing 
vacuoles at 3l, surface irregularitic 
ind have abnormally large granule 
B Hemoxc v te with a 
12 hi i very dim, long, thin, 
3) shows cytoplasmic ret 
laro 


” ii 
rge granule 


bnorm 


wu 
cu 


abnormally la 
C Megalo 
to other pla ma 


in to the pla m 


1 
how 


hemocyte, 


ytes in field 


tor 

is not abnorn 
D Pycnoti nucleu hown at 
have hypertrophied nuclei Norn 





Annals Entomological Society of America |Vol. 47 


abnormal The following kinds of ‘‘abnormalities’’ have been ob- 
erved at the edges of films from normal larvae: cells with bizarre 
urface irregularities (poikilohemocytes) (See Plate I, A, 34); cyto- 
plasmic and nuclear vacuoles (See Plate I, A, 31 and C, 32); enlarged, 
pycnotic or ruptured nuclei (See Plate II, I, 17, F, 18, and H, 18); 
and abnormally stained cells. This being the case, it is of the utmost 
importance to avoid scrupulously the edges of all hemolymph films 
so that artifacts of technique will not be confused with abnormalities 
of pathological origin. 

Most of the observations noted in this paper are based on Wright 
or Giemsa stained films from heat-fixed specimens because this techni- 
que is considered to give, at present, the best available picture of the 
hemocytes as they exist within the mealworm. Artifacts can be 
produced by heat-fixation, but these are considered minor in com- 
parison to those with no fixation, 7.e., fixation after making dry films of 
unfixed drops. Phase contrast microscopy strikingly reveals, in un- 
fixed drops, hemocyte details which are quite obscured by heat-fixation 
(Jones, 1954). However, it does not appear so useful for studies of 
abnormal cells, at least in unfixed drops. 

It is important to point out that by far the greatest number of 
abnormal cellular changes observed during these studies occurred 
in the plasmatocytes. It is well to bear in mind that these cells are 
normally highly variable in size, shape, and staining reactions. Yeager 
(1945) described 6 types and listed 12 different varieties of plasmato- 
cytes in normal Prodenia. 


Z Effects of distilled water. 

Forty mealworm larvae were injected with non-sterile distilled 
water (buffered to pH 7) and their hemocytes examined after 5, 24, 
30 and 48 hours. In some of these larvae many grossly abnormal 
hemocytes were observed, but the injection of water was not invariably 
associated with their presence. When abnormalities occurred, the 
changes were highly variable, with nuclear and cytoplasmic changes 
ranging the whole gamut from partial to complete dissolution. How- 


1 


ever, totally degenerating cells were only slightly higher than for 
uninjected controls. Some agglutination of cells was seen, and intensely 
basophili cells were also observed. 

‘“Live’’ hemocytes in plasma from mealworm larvae were placed in 
drops of distilled water and the mixtures (about 1:1) examined as 
hanging drops. None of these preparations showed any destruction of 
cells. Coagulation occurred normally. The cells under high magnifi- 
cations exhibited no marked abnormalities when compared to hemo- 
cytes in hanging drops of either undiluted “‘live’’ hemolymph or “‘live’’ 


hemolymph added to 0.85% saline. 


3. Effects of saline and acetone-saline. 

Relatively few abnormal hemocytes were observed in 34 saline 
(Yeager’s saline) injected larvae. No gross cellular abnormalities were 
observed when live hemocytes were added to 0.85% sodium chloride 


‘It is well known that the blood cells of vertebrates may appear ‘‘abnormal"’ 
at the edges of dried film 
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in hanging drops, even though the latter saline is hypotonic. Pre- 
sumably, the plasma protects the cells from osmotic forces to a certain 
extent. 

On the other hand, after injections of acetone (10~%)-saline, ab- 
normal cells were found in 3 out of 5 larvae after 24 hours and in 3 out 
of 6 larvae after 48 hours. The mean number of degenerating cells 
was about 1.5% at 24 hours, i.e., about seven times that normally 
found. In a single extreme case, 48 hours after injection of acetone- 
saline there were 97% abnormal cells, 40 of which had excessively 
vacuolated cytoplasm (See Plate II, G, 13 and K, 29). Other abnor- 
malities noted among the 20 stained films were free fat cells (See Plate 
II, L), smudged hemocytes, poikilohemocytes, extremely spread forms, 
nuclear extrusions (See Plate II, F, 19), reticular cytoplasm, nuclear 
swelling (See Plate II, F, 13), and discoloration of cells (See Plate 
III, P, 4). 

No particular hemocyte abnormalities developed after adding 
live hemocytes in plasma to acetone (10~)-saline in vitro. 


Effects of india ink, lamp black, colloidal iron and colloidal gold. 


Saline blackened with india ink was injected into 82 mealworm 
larvae and their hemocytes examined in stained films from 1 to 192 
hours thereafter. Highly variable numbers of grossly abnormal 
hemocytes were found in many of these larvae. The kinds of ab- 
normalities were strikingly numerous and complex: cells with intensely 
basophilic cytoplasm (Plate III, 0), cells whose cytoplasm stained 
very unevenly so as to appear blotched, cells so filled with colorless 
vacuoles as to appear foamy (Plate II, G, 13), cells with very large 
lipid-like inclusions, cells having irregularly dispersed, enlarged, 
eosinophilic (or metachromatic) inclusions, (Plate I, A, 23, Plate ITI, 
P, 4 and 23), cells with very large nuclei (largest measured was 10.5 
microns), (Plate II, F and H), megalohemocytes (largest measured was 
20 x 62 microns) (Plate I, C, 5), poikilohemocytes (Plate II, E), and 
cells with ruptured nuclei. Extensive plastid formation was observed, 
especially in oenocytoids. The mean number of degenerating and 
vacuolar cells was definitely increased after 24 hours (2.4% in ink 
injected versus 1.7% in control saline). At 1 hour after injection, 
degenerating cells accounted for only 0.2% of the cells seen. 

The same kinds of abnormal hemocytes, seen after india ink in- 
jections, were observed in 33 larvae injected with lamp black in saline, 
but they were definitely less numerous. 

From 10% to 50% of the hemocytes of larvae injected with either 
colloidal gold or colloidal iron were distinctly abnormal. Degenerating 
and vacuolar hemocytes accounted for 3% to 8% of the cells seen in 
stained smears. The only “new” kind of hemocyte abnormality 
noted in these larvae was the presence of very large plasmatocyte-like 
cells with numerous, yellowish, round vacuoles (athrocytized material) 
of various sizes in discolored and often fragmented cyoplasmic en- 
velopes, somewhat similar to the cell on Plate II, G, 13. Nuclei in 
these cells were generally very eccentric. 
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Effects of miscellaneous bacterial infections. 

At various times during these investigations, certain larvae and 
adults were found to be bacterially infected. Generally, more than 
one kind of bacterium was present. No attempt was made to identify 
the organisms, but various kinds of cocci and bacilli were observed, 
either separately or together, in highly variable numbers, from many 
to practically innumerable. 

When numerous bacteria were present in the hemolymph, many or 
all hemocytes appeared abnormal. Giant cells were sometimes ob- 
served. Vacuolated hemocytes (See Plate I, A, 31 and Plate II, k, 29) 
were generally encountered, with bacteria visible within the vacuoles. 
These vacuolated cells were not usually foamy in appearance. Plastid 
formation was sometimes very pronounced. Pycnotic and ruptured 
nuclei (See Plate II, H) were encountered, especially when there was 
an obviously greatly reduced total cell count. In some of the thin 
coverslip preparations of “‘live’’ hemolymph, the hemocytes appeared 
easily deformable, and frequently disintegrated into squashy, opaque, 
protoplasmic lumps. 

Of the various observed abnormalities, none were peculiar to 
bacterial infections. 


6. Effects of sodium fluoride. 

Twenty-five mealworm larvae were kept in contact with 95% 
sodium fluoride dust for eight days; none died or showed clear-cut 
symptoms of poisoning. Their hemocyte picture remained completely 
normal; neither total nor differential hemocyte counts were altered 
and no abnormal cells of any kind were observed. 

On the other hand, adults show distinct signs of being poisoned 
24 hours after contact with 95% sodium fluoride. Examinations of 
hemolymph from 17 poisoned adults showed a variable number 
(O%-10%) of hemocytes with abnormal, intensely basophilic inclusions. 
Hemocytes similar to these were not observed in any of the other 
treated groups, either among larvae or adults. They were not in- 
variably present; their affinity to other hemocytes is obscure, but it 
may be that they are plasmatocytes with abnormal, phagocytized 
particles. To determine whether these cells are specific will require 
additional experimentation. Sodium fluoride poisoned adults showed 
mean increases in degenerating and vacuolar hemocytes, but the 
mitotic count was not different from that of controls. The number 
of fusiform cells was about twice that found in controls. 


Effects of nicotine vapors. 

Following a 48-hour exposure to nicotine vapors, all of a sample of 
10 larvae appeared dead. Shortly after removal from the fumigation 
chamber, however, 7 showed signs of life. Total and differential 
counts were made from 6 of these larvae. The hematological data 
(Table I) show a mean total cell count of 156,000 cells/mm*, about 
four times higher than that found in normal larvae. ‘Total hemocyte 
counts from normal larvae rarely exceed 70,000 cells/mm* (Jones and 
Tauber, 1951). One of the nicotine treated larvae showed a profound 
hemocytopenia, only 24 cells being seen in the smear. 
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Abnormal hemocytes in nicotine treated larvae were much more 
numerous than in larvae after any other treatment; in one case all 
of the hemocytes were grossly abnormal. An analysis of abnormal 
hemocytes was made from 2 larvae. In larva No. 1 (Table I) in which 
59%, of the hemocytes were abnormal, 57 of the cells contained few to 
many colorless vacuoles (“‘holes’’) (similar to those in Plate II, K, 29), 
but none of the cells showed hypertrophy, or atrophy, or karyorrhexis. 
In larva No. 2, spheroidocyte-like cells (cells with vacuoles and ec- 
centric nuclei) accounted for 6% of the hemocytes; cells with rupturing 
nuclei made up 1%; and 4% of the cells were poikilohemocytes. 

Although vacuolated hemocytes are not specific for nicotine vapor 
treated mealworms, they were distinctly more numerous in them than 
in larvae after other forms of treatments. It is, of course, entirely 
possible that the changes observed are due to prolonged hypoxia or to 
hemostasis and not to nicotine per se 


TABLE I 


HEMATOLOGICAL DATA FROM NICOTINE TREATED MEALWORM LARVAI 


c l 


HEMOCYTE CLASSES “% 
VI VII | VIII?} Mé# AH® | THC! 


28 ’ 0 ‘ 59 152,000 

37 0.1 57 215,000 

43 0 19 175,000 
01 2: 10 7 

32 ‘ 0.1 60 82,000 
0 : 40 7 


( 
( 


to 


0.05 bd 410 8 156,000 


‘Roman numerals refer to hemocyte classes as follows I, prohemocytoid 
Ll, smooth contour « hromophilic cells; III, oenocyte-like hemocytes; IV, plasmato 
cytes; V, vermiform cells (do not occur in larvae); VI, cystocytes; VII, spheroido 
cytes; VIII, degenerating cell See descriptions by Jones (1950 

*Degenerating cells included under abnormal hemocytes (AH 

§Mitotic figure 

4(/, Fusiform cell 

5©7, Abnormal hemocyte 

*Total hemocyte count (cells/mm 

7Hemolymph insufficient for total cell counts. 


&. Effects of DDT. 

Twenty larvae were swabbed with 1% DDT in acetone and their 
hemocytes examined in stained films up to 17 days after treatment. 
The mean number of abnormal hemocytes throughout the testing period 
was about 12%, but none of the wide variety of abnormalities was 
unique. However, some individuals showed distinct correlations be- 
tween the number of abnormal hemocytes and severity of the poison- 
ing symptoms. For example, 6 days after swabbing with DDT, an 
extremely feeble, obviously dehydrated larva in feeble tremors was 
found to contain very little hemolymph in which 60% of the cells 
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were grossly abnormal. Inasmuch as the animal was moribund, it 
may well be that the high number of abnormal hemocytes reflects the 
initial phase of a post-mortem state. Another larva from the same lot 
was convulsive, unable to locomote, but not feeble. It had abundant 
hemolymph in which 14% of the cells were abnormal. <A third larva 
from the same group was convulsive but able to locomote, and had 
abundant hemolymph in which only 3% of the cells were abnormal 

Out of 10 larvae swabbed with DDT in acetone, 9 were alive 17 
days after treatment; one was very shrunken and dehydrated, with 
legs in constant tremors. Examination of its hemocytes showed 21‘ 
of the cells with abnormally large, dark purple to red granules; 18 of 
these cells had hypertrophied nuclei (similar to Plate II, F, 18). Seven 
percent of the hemocytes stained diffusely eosinophilic (necrotic ?). 
There were no vacuolated cells, no loose fat body cells, no cellular 
debris, no cell blotching, no torn or ragged cell surfaces 

Live hemocytes in plasma from larvae were added to saline contain 
ing DDT (10%, 10) and to saline (0.85%) alone as a check. None of 
the hemocytes was lysed in vilro when kept in DDT suspensions 
Extensive coagulation occurred in normal fashion. 

Because of the reports of Toumanoff and Lapied (1950), and of 
Grégoire (1953), additional tests were made with DDT to determine if 
it was possible to induce hemocytes to phagocytize DDT crystals, as 
claimed by the former authors, and to determine if DDT could pr 
vent coagulation of the hemolymph, as stated by the latter author 
Grégoire (1953), used 10% DDT suspensions. From the standpoint 
of the actual DDT concentration in the hemolymph of a poisoned 
insect, such extraordinary amounts seem unrealistic. Therefore, 
threads soaked in DDT in acetone were dried, then stretched across 
coverslips and covered with large drops of hemolymph containing 
‘live’ hemocytes. ‘Coagulation islands’ occurred normally. No 
lysis of hemocytes was observed. No phagocytosis of crystals was seen 
No avoidance of the crystals was noted. Several other tests were 
used (e.g., a thin “‘X”’ of DDT was drawn on a coverslip and covered 
with “‘live’’ hemolymph), but all gave the same results 

Because abnormal hemocytes were not observed in in vilro hemo 


( 


lymph-saline suspensions of DDT, and because abnormal hemocytes 
generally do not occur in DDT-poisoned larvae until the later stages 
when they are severely dehydrated and moribund, it appears very 
probable that such abnormalities as are observable are entirely secondary 
and do not reflect a direct toxic action on hemocytes. 

Hemocytes of adult mealworms were also examined for abnor- 
malities after poisoning with DDT. Abnormal hemocytes were not 
observed in 8 individuals with well-marked symptoms of poisoning 
exanined during the first 4 hours, nor in 10 individuals at 6 hours; 
a few abnormal hemocytes were seen at 12 hours. 

Two lots of adults were examined 24 hours after exposure to DDT 
in beakers. In the first lot, females showed a mean of 28.7% abnormal 
hemocytes, with a range from 13% to 59%; and males had a mean of 
15.2% abnormal hemocytes, with a range from 0% to 41%. In the 
second lot, the females showed a mean of 35.8% abnormal hemocyte:s 
and the males a mean of 28.2% abnormal cells. The second lot of 





Annals Entomological Society of America [Vol. 47 


vas subjected to further analvsis as described below 
Table II. 
rABLE II 


GRADING OF ABNORMAL HEeMocyTES IN DDT PolsonED MEALWORM ADULTS 
ArrerR 24 Hours 


Tre 


24 hour DD] 
C or trol 


24 hour DD’ 


Control 


9. Classification of abnormal hemocyltes. 

Throughout these investigations some system has been sought 
whereby the degree of different types of obvious cellular injuries could 
be expressed quantitatively. Seven different classifications of abnormal 


hemocytes were attempted and eventually re-constructed into a system 


of three categories of grossly abnormal changes, as presented in the 
following scheme. 
| Grossly abnormal nuclear change 
Gross irregularities in shape 
Extrusion of nuclear material (Plate 
Abnormal mitotic figure 
Nuclear swelling hypertrop! Pla 
Pycnosi (atropl \ Plate I,D 15: Pla 
Nuclear vacuolation 
Rupture (karyorrhexi 
(h) Denucleation 
Grossly abnormal cytopl: mic chang 
Gross changes in staining reactions of ground cytoplasm (Plate I,A,12; 
I1,F,26,G,13,H; Plate III, in M,N,O, and P 
Abnormal! sizes of granules or other inclusions (Plate 1,A,12,24,B,12; 
Plate II, H; Piate III,P,4 and 23 
c) Abnormal staining of granules or other inclusion 
d) Gro acuolation (Plate I1,A,31,C,32; Plate I1,G,13,K,29; Plate I11,0,24 


Abnormal changes in shape, volume, distribution, or configuration of hemocyte 
Abnormally small cells (microhemocyte 
b) Abnormally large cells (megalohemocytes) (Plate I,C,5: Plate II,H; 
Plate IV,1 
Extensive plastid formation (Plate I,A,34; Plate II,J; Plate III,P,38; 
Plate IV,T,36 
d) Abnormally shaped cell (poikilohemoc y tes (Plate 1,A,12,B,6; Plate 
II,E; Plate III in M, and N; Plate IV in T and U 
(e) Agglutination of cell 
Although these categories of morphological changes are based 
on mealworm hemocytes, they are sufficiently broad to apply to hemo- 
cytes of other insects. 
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10. Method of counting and grading visibly abnormal hemocyles. 

To measure the extent of abnormalities, 100 or more cells from a 
smear can be checked at random for one or all abnormalities in each of 
the three categories given above. The number of cells having one or 
more abnormalities in any or each category can be totaled and then 
graded by an arbitrary numerical rating system such as that given 
below. 


1} 


Number of hemocytes having Numerical Extent of visi 
abnormalitie in a given category Grade as ex ted by 


0-4 0) Questionable 
5-10 Slight 

11-25 ; Moderate 
26-50 ’ Marked 
51-100 . Verv Severe 


The relations among the abnormalities listed in the different 
categories can be extremely complex because a single smear may have 
cells with all of the abnormalities given in the classification. Some 
of the abnormalities undoubtedly represent stages in a single process 
of degeneration. The classification and grading system presented 
here offer a relatively simple means of quantitating the different kinds 
of cellular abnormalities. Counting and grading of visibly abnormal 
hemocytes can be done independently of ordinary differential counts; 
this might be a real advantage in cases where the features separating 
kinds of hemocytes are obscured by the abnormal changes. 

Abnormal hemocytes occurring in the second lot of DDT poisoned 
mealworm adults were analyzed by the technique just described; the 
results are in Table II. The mean number of abnormal cells for all 
adults was 31.2%. About two-thirds of these abnormal cells showed 
both nuclear and cytoplasmic abnormalities, but very few of the hemo 
cytes showed abnormalities given in category 3. These data indicate 
a moderate to marked damage of hemocytes in the moribund stage of 
DDT poisoning, the pathology being reflected by both nucleus and 
cytoplasm. The significance of the finding that more abnormal hemo 
cytes occur in females than in males requires additional investigation 


DISCUSSION 


Among the pertinent questions in any cytopathological study 1 
that of the significance of the observed abnormal changes Mealworm 


larvae and adults with as many as 35%, of their circulating hemocyt 


( 
in abnormal conditions were observed to behave normally and, in all 
external appearances, were inseparable from those having ‘‘normal”’ 
hemocytes. An individual case illustrates this. A 2-day-old adult 
male which had been injected with lamp black as a larva was found to 
have 27% abnormal hemocytes (19 of these had hypertrophied nuclei 
and 14 had grossly vacuolated cytoplasm), yet the adult appeared 
quite normal and active prior to study. Similarly, other injected 
adults, which were not killed for hemocyte study, lived a normal 
length of time, mated, and females laid viable eggs. 

We have gained the impression that where the total count is normal 
or higher than normal, the presence of abnormal hemocytes as such 
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(excluding compl tely degen rating cells) has little significance, but 
that where the total count is greatly reduced the presence of abnormal 
hemocytes presages death. 

Plasmatocytes of the mealworm in stained smears exhibit a greater 
number of visible abnormalities than other hemocytes, but this does 
not mean that they are necessarily the most susceptible to injury. 
Their high degree of normal variabilities are clearly heightened by all 
kinds of physiological and toxicological stresses. Their abundant, 
sensitive cytoplasm with its many very fine inclusions and large, 
delicately granular nuclei are obviously much more plastic than those 
of other kinds of hemocytes. Unlike that of the plasmatocyte, the 
nucleus of the cystocyte is a more or less uniformly round, cartwheel- 
like structure (Jones, 1954) Prohemocytes and smooth contour 
chromophilic cells, too, are normally much less variable than plasmato- 
cytes and, in a sense, have fewer or less abundant structures with 
which to reflect abnormal stresses. Oenocytoids do not occur in 
sufficient numbers to analyze adequately their possible abnormalities. 

Mealworm larvae can normally operate with highly variable (from 
20,000 to 70,000 cells/mm*) numbers of circulating cells (Jones and 
Tauber, 1952), and the numbers of different kinds of hemocytes also 
vary tremendously in normal individuals (Jones, 1950). These facts 
suggest that only relatively few of each hemocyte class are required 
for the adequate performance of functions such as phagocytosis and 
coagulation. In the mealworm, these functions appear either to be 
poorly developed or of questionable value to its general well-being. 
One might compare the hemocytes of the mealworm to emergency 
forces which, when stresses arise, are either (1) unable effectively to 
overcome most of them, or (2) are by-passed by more rapidly mobilized, 
extra-hemocyte factors. Indeed, this general inefficiency of hemo- 
lymph cells reaches its fullest expression in those insects in which 
hemocytes are absent (Anopheles adults) or if present do not circulate 
but occupy sessile positions (certain species of Chironomus). Although 
many of the pathological modifications recorded herein seem to re- 
present irreversible changes that may be presumed to be lethal to the 
cells concerned, we have no proof of this and no data on the seriousness 
of circulating pathological cells. At present we can only correlate the 
pathological hematology with the state of health of the individual. 

The present findings that sodium fluoride and nicotine alter hemo- 
cytes are in agreement with those of other investigators. Although 
certain kinds of pathological hemocytes may be more numerous 
following administration of a given poison, these abnormalities are 
not peculiar, or specific, for the particular poisons used in the present 
study. 

The observation that plasmatocytes are cells most subject to 
abnormalities agrees with a somewhat similar finding by Arnold (1952) 
in Ephestia. He stated that “except for agglutination, the changes 
[following fumigations] were similar to normal® degenerative phases. 
but proceeded at a much more rapid rate’. Jn vivo agglutination of 
hemocytes in our experience may occur normally and is not peculiar 


‘Italics inserted, 
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to abnormal states and, in either case, is frequently a reversible phe- 
nomenon. Mealworm hemocytes undergoing ‘‘normal’’ degeneration 
as a part of their life span do not begin to exhibit the variety or com- 
plexity of the abnormalities observed after a variety of abnormal 
physiological and toxicological stresses. 


SUMMARY AND CONCLUSIONS 


1. Variable numbers of hemocytes with different kinds of visible 
abnormalities were observed in mealworm larvae injected with dis- 
tilled water, acetone-saline, india ink, lamp black, colloidal iron and 
colloidal gold. 

2. The addition of distilled water and saline to “‘live’’ hemolymph 
drops in vitro was not associated with lysis or definite abnormalities of 
mealworm hemocytes. 

3. Mealworm larvae kept in continuous contact for eight days 
with sodium fluoride did not die and showed no clear-cut evidences of 
poisoning. Their hemocytes remained completely normal. 

4. Adult mealworms were severely affected by contact with sodium 
fluoride and variable numbers of their hemocytes were abnormal. 
Hemocytes with basophilic inclusions observed in their hemolymph 
smears were not encountered after other types of poisoning. 


5. Mealworm larvae exposed to nicotine vapors for 48 hours 
generally had many grossly abnormal hemocytes, especially vacuolated 
types. Total hemocyte counts from poisoned larvae were about 4 


times higher than those of normal larvae. 

6. Larvae severely affected after external treatment with DDT 
frequently possessed abnormal hemocytes. Some individuals showed 
distinct correlations between numbers of abnormal hemocytes and 
symptomatic stage of poisoning. 

7. During the first 6 hours no abnormal hemocytes were detected 
in hemolymph of adults exhibiting symptoms of DDT poisoning. In 
moribund adults about 30% of the hemocytes in stained films were 
visibly abnormal. 

8. Mealworm hemocytes were not lysed and did not become 
distinctly abnormal when kept for several hours in saline suspensions 
of DDT. This observation, together with the late appearance of 
abnormal hemocytes in poisoned larvae and adults, strongly suggests 
that hemocyte abnormalities are wholly secondary and do not reflect 
a direct toxic action of DDT. 

9. “Coagulation islands’ in the hemolymph of the mealworm 
were not prevented either in vilro or in vivo by DDT. 

10. Abnormalities in mealworm hemocytes can result from a 
variety of physiological and toxicological stresses but none of thos« 
observed are considered to be specific for any of the conditions studied. 
However, it is possible that valid quantitative differences in the various 
kinds of abnormalities occur with different poisons. This possibility 
has not been examined in detail but a method by which it might be so 
examined is presented. 
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THE WATER BEETLES OF FLORIDA, by FRANK N. YounaG. Pp. ix+238, 31 


Univ. of Fla. Press, Gainesville, 1954. Price $6.00 


ive study of the water beetles of Florida was a list of 56 species 
». A. Schwarz in 1878 in connection with his list of the Coleoptera 
of the i his number was increased to 103 by Leng and Mutchler in 1918 
The present book increases it still further to 184, distributed among the following 
familie Dytiscidae 22, Noteridae 12, Haliplidae 9, Gyrinidae 14, Hydrochidae 7, 
Hydrophilidae (exclusive of Sphaeridiinae) 43, Limnebiidae 3, Dryopidae 3, 
Elmidae 11 Dr. Young's book includes keys to and brief descriptions of the 
pecies accompanied by extensive critical taxonomic, bibliographic, distribu 
tional, and ecological notes and a long ecological introduction. No attention is 
given to the larvae or to sucl pecies as some of the Helodidae that are aquati 
only in the larval stage The existence of this book should stimulate the study 
of these beetles in the extreme southeastern states, and go far towards securing a 
place for beetle tudic in limnological work there and elsewhere. 

As far a the Hydradephaga go, the Florida water beetle fauna that Dr 
Young reports is notable for its emphasis on such groups as Noteridae, Bidessu 
and allies, Megodytes, Cybister, Dineutus, and Gyretes, all evidence of the Neo 
tropical influence Equally noticeable is the poor development of such genera 
as Hygrotus, Agabus, Ilybius, Rantus, and Graphoderus, and the absence of such 
genera and subgenera as Oreodytes, Potamonectes, Colymbetes and Dytiscu 

The author of this book is now employed at indiana University at Blooming 
ton, Indiana, and the bulk of the collections on which it is based are at the Uni 
versity of Michigan Museum in Ann Arbor. The book itself, however, is published 
by the University of Florida Press, and may be a harbinger of the time when 
such studies will be more completely indigenous to the region that they concern! 


MELVILLE H. Hatcu 
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OBSERVATIONS ON THE WHITE-FACED WASP 
DOLICHOVESPULA MACULATA (LINN) 


(Vespidae, Hymenoptera) 


W. V. BALDUF 


Urbana, Illinois 


Opportunities to peer through a glass window into a nest while it 
is inhabited by living white-faced wasps are doubtlessly rare. Such an 
occasion was afforded us at Eaglesnest Lake, near Tower and Ely, in 
northern Minnesota in the summer of 1952. The nest was attached 
to a vertical glass window on the west side of a cabin owned by our 
neighbor friends, Mr. and Mrs. Edgar C. Love, of Orion, Illinois, and 
their daughter Katherine, of New York City. 

When our friends arrived to start their vacation on August 5, and 
discovered a lively colony of stinging creatures inconveniently placed 
only 12 feet from their only cabin door, their impulse was not to de 
stroy but to retain it for observation. Thus, the results given below 
are made possible by their attitude of tolerance and appreciation. | 
am happily indebted also to Edgar and Katherine for a series of ex 
cellent photographs. Some of the pictures are selected to illustrate 
this report and all of them were employed in describing the archi- 
tecture of the nest. 


STRUCTURE AND GROWTH OF THE NEST 

This nest was unusual chiefly in that its posterior wall consisted of 
transparent window glass instead of the usual opaque wasp-made 
paper. The hind edges of the paper envelope or wall adhered to the 
glass, and the top to the transverse wooden piece that formed the 
upper frame of the window. The hind edges of the upper and inter- 
mediate combs were straight where they contacted the glass. We 
were thus able to observe some of the activities of the adult and larval 
wasps within the nest through the glass posterior wall, and also the 
progressive modifications in the structure of the nest wall and the 
combs. This, like other nests of D. maculala, consisted essentially 
of two structural parts, (1) the subspherical to oval wall or envelope, 
formed of several layers sepurated by interspaces, and (2) the hori- 
zontally-placed tiers or combs of brood-rearing cells that are open below. 

Measurements of the nest were made at somewhat regular time 
intervals from August 5 to September 22, and photographs were taken 
periodically. Mensurational and photographic data are tabulated be- 
low (Table I), and form a part of the basis for the description of thi 
structure and enlargement of the nest. 

The incipient nest of this species is scarcely the size of a tennis ball, 
and increases may times in volume during the normal life of the colony. 
The process of growth, or enlargement, is simple and was clearly ob- 
served in the present case. Two distinct operations are involved. 
First, the envelope or nest wall, composed of a series of more or less 
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parallel thin layers of wasp-paper approximately 5.0 mm. apart, is 
enlarged by the simple device of tearing out, bit by bit, the smallest, 
oldest inner layers adjacent to the combs, and utilizing the material 
thus salvaged to build new and larger layers on the outer surface of 
the wall. Second, the combs are not torn down, as the wall layers are, 
but gradually increased in diameter by the addition of new cells to 
their peripheries. 


TABLE | 


DATA PERTAINING TO THE STRUCTURE AND GROWTH OF NEs1 


MEASUREMENTS ‘TRANSVERSE DIAMETERS OF PHOTOGRAPHS 


Wher ran Lor g1 9 Layer: 
measured erst tudinal lop Middle | Bottom Date: in side 


dian diam comp comb comb taken wall 


eter etet 


2 
3 
6 
‘ 

7 
s 
4 


1} **Started August 25 


While the nest is at first subspherical, it undergoes a transition to 
a more conical form as it grows. This gradual change in shape ap- 
pears to result from two sources. First, the original, topmost comb is 
largest in diameter, and the second, attached to the venter of the 
first, is smaller, and the third and others are successively smaller than 
the preceding. Thus the nest wall takes on a conical shape since it 
conforms to the diameters and circumferences of the combs. Second, 
as the season advances, the workers construct cupalos or dormers 
over the upper portion of the nest. Usually these are vertically short 
and horizontally broad, with the open ends mostly directed downward. 
As time passes, other dormers are built over previous dormers. There- 
by, the diameter of the upper part of the nest increases at a faster rate 
than does that of the lower part, which lacks these incipient wall 
lavers, with the result that the nest becomes more conical in shape 
(Plate III, fig. 1). 

Dormets suggest three other subjects for brief comment. First, ad- 
dition of one dormer upon or between others, provides a light fluffy 
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nest wall containing many air spaces, some sealed off from the out- 
side, which may tend to level off the fluctuation in temperature and 
humidity. Second, how may the wasps determine the location, angle, 
size and shape of the dormers? While the surface of the nest is con- 
vex, it differs in degree of convexity at various points of place and 
time. Observations suggested that the dormers may be a device where- 
by the wasps produce a more or less uniform degree of surfacial round- 
ness, and that, therefore, they construct dormers in locales where the 
surface chances to be depressed. This suggestion implies that the 
workers have a means of measuring degrees of roundness, i.e.. a sense 
of contour. Since such an “ability” is probably tropismic, it may 
reside simply in the natural, somewhat arcuate posture or form of 
the body contacting the substratum through the agency of the tarsi 
Third, some of these dormers were extended far downward over the 
front and sides of the nest, and thus became integeral parts of the nest 
wall. Reference to Plate I, fig. 1 will show two such prolonged dormers 
extending to the level of the nest opening; yet these retained their 
identities in that their edges turned inward to contact the underlying 
layer. When the nest wall is seen in cross-section these prolonged 
dormers appear as biramous forkings of single layers. Plates I to ITI, 
fig. 2, show such branched layers in the upper left and right sectors of 
the nest wall. This biramous type of structure is a departure from the 
predominating concentric layers forming the nest wall, and may be an 
outgrowth of the alleged sense of contour of the worker. The pictures 
also reveal that the wasps employ a few cross bars*of paper that join 
and possibly reinforce adjacent layers of the wall. 

The number of layers forming the wall is not uniform throughout 
the nest life. The data in the column headed “Photographs” in Table | 
indicate an increase despite the removal of inner layers as the nest 
grows. The figures cited pertain only to those layers which seemed 
entire, not including tattered remnants of the nnermost layers left 
by the wasps on the window. Combining with this numerical increas 
in layers the fact that the outer layers are larger than the inner ones. 
compels the conclusion that the builder-workers constantly and liberally 
supplement the paper salvaged from the nest. with raw materials se 
cured in the out doors. 

The measurements of nest and combs (Table I) indicate an irregular 
rate of construction during the season. The width and length of the 
nest was approximately doubled in the 18 days between August 5 and 
23, whereas it was enlarged but little in the 27 days following August 29 
In the first 18 days, the top or first comb grew from 2.0 to 10.0 cm. 
in diameter, but only two in subsequent 27 days. By contrast. the 
smaller second and third combs, which were initiated on August 11 
and 25, respectively, continued growing significantly in the same 27 
days. The deceleration seems to reflect a reduction in number of 
workers produced, and the advent of young females and males in their 
stead. 

All the new layers of our nest. except those originating as dormer 
were begun along the upper and posterior edges, and extended forward 
and downward. Workers emerging from the nest bearing building 
material moved deliberately. The subspherical mass of plastic, most] 
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grayish, brown substance appeared to be held between the posterior side 
of the head, or labium, and the base of the fore legs and the prosternum. 
On reaching the outer surface, the pulp-bearing workers proceeded 
variously, sometimes delaying momentarily near the exit, sometimes 
wandering as if uncertain where to go or which of several building 
sites to adopt, and again they advanced directly to a place and began 
work without delay. The free edges of incomplete dormers or 

all layers to which the pulp is added are mostly horizontal, but may 
vertical or oblique. As a result, the worker hangs (1) either from 
the free edge only, or (2) may hold fast to this edge with legs of one 
side while those of the other rest on the previously-built layer below. 

In applying the pulpy mixture of salivary secretion and masticated 
plant fiber, the wasp invariably crawls backward, and, in so doing, her 
mouthparts appear to clip off bits from the anterior side of the ad- 
hesive mass and simultaneously to apply the bits to the edge of the 
layer or dormer. One such mass suffices to extend a segment of edge 
about 30 mm. long. Having thus disposed of the load, the worker 
next crawls briskly forward to the starting point of the newly-added 
segment and again retrogresses over it but now compressing and further 
broadening the still pastic pulp by pinching it between the mandibles. 
A single lump serves to enlarge the layer or dormer one to three mm. 
The entire operation is performed briskly and precisely. Newly built- 
up sectors remain recognizable for some time by their comparatively 
dark color. However, the material employed, as seen when dry, is 
not uniform in color. While grey predominates, white, suggesting 
birch bark, is common, and lesser areas of yellowish-brown are inter- 
spersed. As many as six builders worked simultaneously, some at 
edges of dormers, others at wall layers. One worker, identified by 
red pigment daubed on a wing, was seen to apply one pulp mass to an 
incomplete layer, and was next discovered adding to the edge of a comb 
in the nest. 

The right and left wings (see figs.) of a new layer were commonly 
built at the same rate, with the result that the wings met at or near 
the entrance, but they sometimes grew at different rates; or at times 
two layers of different length proceeded down one side of the nest while 
one layer of still another length extended down the other side. 


THE COMBS AND INTERSPACES 


The internal structure of the nest was observed through the window 
and later also analysed when the colony had been artificially inactivated. 
The large upper comb grew from about 2.0 cm. on August 5 to 11.4 cm. 

ge up} g g 


EXPLANATION OF PLATE I 


Tor. Front view of nest, photographed August 14. Only a few dormers occur 
The workers are adding strips to the margins of the dormer Note the incomplete 
wall layer at right below, and spiral arrangement of strips around oval entrance 

Bottom. Posterior view of nest, photographed August 11. Note three forked 
layers at upper left. Only comb | is visible. The suspensorium of comb 2 was 
built this day, but cannot be seen Many cells bear white caps of silk The inner- 
most layers of the wall are tattered; workers have chewed all but remnants off. 
Note the incomplete wall layer at left below. 
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in diameter by September 22 (Tablel). It was found to be attached to 
the center of the ceiling by a multiple suspensorium composed of several 
hard angular paper ribs of various sizes. The second comb was initiated 
on August 11 in the form of a single suspensorium attached behind the 
center of the venter of the first comb. The second comb grew promptly 
and steadily by addition of rings of cells around the distal third or 
fourth of the suspensorium. By September 22 it had grown to 9.7 cm. 
diameter. On August 25 the third comb was begun in the same manner 
as the second, and attained a diameter of 5.0 cm. by September 22. 
The three combs are visible in fig. 2 of Plate ITI. 

By constructing the first cells of each comb near the apices of the 
new suspensoria, the workers reserve sufficient space between the 
several combs to permit them free access to all cells of the combs. This 
spatial achievement cannot reasonably be assigned to chance, and 
suggests the wasps possess a means of measuring the depth of the space 
between adjacent combs. Wherein this means resides is certainly not 
clear, but may consist of the height of the wasps as they stand or move. 
Should combs be too close together at any point, the mandibles might 
be employed to chew the obstruction away. Similar corridors, of 
course, occur between the edges of the combs and the nest wall, and 
between the layers of the wall, which average about 5mm. apart. The 
aperture of the nest opens upon a runway that extends obliquely up- 
ward and backward into the nest, and provides access not only to the 
central comb chamber but to the interspaces between the wall layers. 
The size and shape of the aperture vary from time to time as the new 
layers are built down around it. Paper may be chewed away from the 
edges, should the aperture become too narrow for the convenience of 
passing traffic. On one occasion the hole measured 16 mm. in diameter 
at 2:00 p.m., and was enlarged to 22 mm. by5:00 o’clock. This took 
place on August 29 when the colony demonstrated unusual irritability 


t 


and the inmates sometimes created momentary traffic jams at the 
aperture. 

Although the combs hang horizontaliy and thus parallel to one 
another, the surfaces of the combs individually are not flat. The 
larger first and second combs of our nest were manifestly concave on 
their closed upper sides, convex on the open ventral sides. How is 
this form of the comb achieved’ It results from a combination of 
various structural principles. First, the individual cells are not cylin- 
drical but subconical, being narrow, round and cupshaped at the base, 
and flare out to a transversely hexagonal form at the apex. Second, as 
a result of their subconical form, the cells do not hang vertically but 
take a more and more oblique position from the center to the periphery 


EXPLANATION OF PLATE II 
Tor. Front view of nest. The workers in upper center are extending a dormer; 
another below seems to be adding to edge of entrance. There are still but few 
dormers above, and new wall lavers at right, above and below, but none on left 
BorromM. Posterior view of nest Note that only the outermost of three 
forked layer hown on Plate B hg 2, remains here; the rest were chewed away a: 
comb cavity was enlarged. Comb 2 shows clearly, has had no capped cells yet 
The suspensorium of comb 3 was built August 25, but does not show in picture 
Remnants of inner layers persist between combs | and 2 
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of the comb. Third, the cells are not straight lengthwise, but curved 
toward the center of the comb, the degree of curvature increasing from 
center to margin, and thus tends to compensate for the subconical 
form of the cells. Were the cells longitudinally straight, the comb 
might conceivably attain a hemispherical shape. Fourth, the several 
cells are approximately uniform in length; if the cells of each additional 
ring were slightly longer than the preceding, the combs could be flat 
above. Therefore, although the curved form of the cells tends to 
achieve a flat surface, it fails when combined with uniformity in length 
of cell. From a functional standpoint, the conical shape and some- 
what oblique posture of the cells possibly enable the larva, hanging 
head downward as it does, to retain its position in the cell. 


FORAGING AND FEEDING 


Workers were often seen hovering searchingly over tops of parked 
cars and buzzing deliberately along the wooden walls and the screens 
of cabins. Any minute spot, clearly defined by its form or color, was 
investigated by the wasps by darting vigorously upon it. They ob- 
viously were unable to distinguish between inedible inanimate objects, 
such as small brown knots or rusty nail heads in the sidewalls of my 
cabin and living flies or spiders resting on the same walls. The fre- 
quency of such errors indicates their visual perception of form and 
color is poorly developed. On cloudy, rainy days, muscoid flies resting 
on a dark porch screen appeared invisible to prey-seeking wasps that 
flew past about a foot away. On sunny, warm days, the errors and 
failures are probably fewer, for the properity of our colony indicated 
success in securing prey, despite visual limitations. No attempts 
were made to intercept the field workers to determine the prey. The 
color and form of objects in their possession suggested they commonly 
captured spiders and large flies. 

Food-bearing workers entering the nest sometimes came face to 
face with other adults and appeared to share their prey with them. 
Whether the recipient then consumed the morsel or divided it among 
the larvae was not determined. Individuals concerned were soon lost 
in the welter of workers or obscured by intervening combs or nest wall. 
In some cases, the field worker personally parcelled the prey to the 
larvae in the cells. This process was clearly observable where larger 
larvae were fed becavse their cephalic ends protruded prominently 
from their cells as they stretched and explored in apparent eagerness 
to be fed. The worker passed from one larva to another inhabiting 
adjacent cells, pausing momentarily over each, presumably imparting 
a bit of food. In the most clearly observed instances, one load brought 


EXPLANATION OF PLATE III 

Tor. Front view of nest. Many dormers have been added since August 26, 
and two are extended broadly downward over the front, in lieu of the customary 
concentric wall layer. An incomplete wall layer at left, and one at right 

Bottom. Posterior view of nest. Note that forked type of construction 
persists at left above, less at upper right. Several cross braces between layers 
are visible here. The small third comb and its suspensorium show through rem- 
nants of inner layers glued to window. The wasps clustered between combs 1 
and 2 are largely, if not all, males 
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PHOTOGRAPHS TAKEN Sept. 22, A Few Hours BEFORE COLONY WAS KILLED 
ARTIFICIALLY 
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in from the field was divided among three or four large larvae. The 
act of imparting food seemed to involve use of the mandibles of both 
the worker and the larvae, and the two sometimes seemed to tear the 
substance apart by pulling in opposite directions. 

However, feeding and other services of worker to larva appear to 
discontinue once the larva is not in the usual place, its cell. Several 
large larvae fell from their cells to the floor of the comb chamber. These 
were probably accidents, possibly incidental to spinning cocoons or 
cells unfavorably located contiguous with the window. The fate of 
one such plump grub was observed on September 4. As it lay on the 
nest floor, a worker approached and seemed to lick it or chew its cuticle 
for a moment, then departed. Soon thereafter, this, or possibly an- 
other, worker came upon the displaced larva, and at once seized it 
with her mandibles and half-dragged, half-carried it to the outside of 
the nest. For several seconds she stood at the side of the exit, holding 
to the nest wall by the hind legs only, while the bulky larva, still alive, 
dangled from her mouthparts until she dropped it to the ground. This 
larva, on which workers previously expended much care, was now 
treated as rubbish. Such is one expression of instinctive behavior. 


REACTIONS TO WEATHER CONDITIONS 
Activity was obviously at its peak on warm sunny days. Many 
trips were made to and from the nest, from early morning to dusk of 
evening. But moderate steady, all-day rains did not inhibit field 
work completely; a few wasps were seen searching for prey 150 feet 


from the nest on such a day. When temperatures fell into the 50’s, 
the amount of movement was clearly reduced. The adults then 
gathered in the hind part of the nest near the window warmed arti- 
ficially by heat within the cabin, occupying both the comb chamber 
and the interspaces of the nest wall. Two workers, engaged in building 


a new wall layer on August 29, when the outside temperature was 60° F., 
had enjoyed higher temperature inside the nest where their paper 
pulp was obtained. When the thermometer registered 90°, due to 
heat from a gas burner located near the nest, one or two wasps, on 
several occasions, stood in or just outside the aperture vibrating their 
wings rapidly. This behavior possibly signified attempts to set up 
air currents to cool the interior. 

The workers were docile and well-behaved at almost ail times so 
long as they and their nest were treated with consideration. They 
permitted us to stand ,as we often did, within inches of the aperture 
for observation and photography. We stood or moved directly in 
their fly way, and they detoured around us without becoming perturbed. 
They appeared preoccupied with foraging and building, and seemed 
accustomed to our presence. In the six weeks the colony was observed, 
observers or visitors were stung only four or five times. While the 
pain from stings was at first intense, it soon abated with but minor 
swelling. But the peaceful conduct was interrupted on August 29. 
At 1:50 p.m. of a clear day, Katherine Love reported unusual behavior. 
A swarm of workers buzzed excitedly around the nest, and many in- 
dividuals collided sharply with the nest and also the window that 
supported the nest. As they came into and from the nest, the wasps 
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often partly jammed the entrance, but none attempted to sting others 
This performance was repeated a number of times during the after 
noon, with intervals of relative quiet, in which a few individuals crawled 
about over the nest. near the entrance, as if on guard. A bit of ex- 
perimentation showed that the wasps swarmed when a screen door 12 
feet from the nest was allowed to slam. But since vibrations from 
that source were frequent in previous weeks and had produced no such 
angry demonstrations, this seemed obviously not to be the basic stimu 
lus of the wild behavior. Although August 29 was apparently a clear 
day, rain began to fall before daylight of August 30 and continued all 
day long and the wasps continued to be irritable and combative. By 
noon of August 31, the sun warmed the atmosphere and the wasps had 
resumed their usual contented mood and activity. A barometer 
would probably have indicated a marked change in atmospheric pressure 
during August 29 to 31. This suggests what was perhaps the basic 
stimulus of the recent swarmings. 


OVIPOSITION AND DURATION OF THE STAGES 

We secured several data pertinent to the duration of developmental 
stages. Katherine Love saw the queen place an egg in the first in- 
cipient cell of comb 2 on August 12. I plainly saw this egg later; 
it was elongate and white, and attached to the inner side wall. On 
August 26, Katherine discovered the queen ovipositing in an incomplete 
cell of comb 3, which was initiated on August 25; workers removed and 
destroyed this egg, whereupon a second was inserted, and left unharmed. 
These instances confirm published statements to the effect that oviposi- 
tion occurs in incipient cells. They also serve as starting points in 
determining the duration of stages. The egg laid on August 12 re- 
sulted as a mature larva found spinning itself in on August 26; that 
laid on August 25 had become a full-grown, spinning larva on September 
12. The intervals of 14 and 17 days in these two instances represent 
the duration of the combined embryonic and larval stages. 

Another means of obtaining facts on length of stages was to mark 
certain cells, built against the glass wall of the nest. Two mature 
larvae spun themselves in on August 10, a third on August 16. Adults 
chewed exit holes in the silken caps of these cells and issued; the first 
two on August 13, the third on August 27. The pupal periods therefore 
were 13 days and 12 days, respectively. Combining the above data 
we learn that development through the embrvonic, larval and pupal 
stages to adulthood during August 12 to September 12 required 26 to 
30 days. Temperatures were above average for this season. The 
killing frosts that commonly occur there by August 31 did not appear 
until after September 12; and September 10 was uncomfortably warm 


DETERIORATION OF THE COLONY 
Katherine Love first noted evidences of obvious slackening in activity 
in and out of the nest on September 13 and 14. There were still many 
wasps in the nest, but the nights were colder, and the wasps lay still 
or barely moved about in the morning in sharp contrast with their 
usual previous busy activities. No more construction work was be 
ing done on the combs or the walls, and while some flew from and to 
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the nest, movement in the nest was listless. On the cold morning of 
September 15, she saw two plump, almost mature larvae had fallen 
from their cells, and gravitated to the floor of the comb chamber. 
On later days before September 22, other larvae dropped from the 
combs, but these had died and blackened in their cells, which indicated 
failure of the workers to feed them for several days previously. The 
wasps crawled over and around all fallen larvae, gave them no atten- 
tion, not even casting them from the nest. The lassitude of workers 
may explain some of this inattention, but identification of the dead 
adults present in the nest and packing box, in which Edgar Love brought 
the nest to me in October, shows that almost all were males. Males 
presumably lack the instinct to care for the nest and its immature 
occupants. It therefore appears that most of the workers had died 
by mid-September. 


CASTES AND POPULATION OF THE COLONY 


Here I consider fertilized eggs, larvae, pupae and adults as wasps 
If we may assume that all open cells, both incomplete and complete, 
contained fertilized eggs or larvae on September 22, the population 
yielded in the history of the nest can be determined quite accurately. 
The results of the examination of the inactivated nest in November 
are presented in Table II. 


TABLE II 


POPULATION, BY COMBS AND STAGES 


Comb | Comb 2 


150 


A few comments are essential to make the data intelligible. The 164 
individuals of comb 2 were produced between August 11, when the 
comb was initiated, and September 22, when the life of the colony was 
terminated artificially. Comb 8 yielded no adults; this was evident 
from the fact that all the capped cells occurred in the central or oldest 
area of the comb and no caps had been perforated. Comb 2 produced 
83 adults, all having emerged from capped cells in the discal area. 
The oldest and largest comb 1 yielded 222 adults, as follows: the 
discal area around the suspensorium produced two separate lots of 47 
each, or a total of 96; the remaining 126 developed in 126 cells of the 
area intermediate between the central and submarginal areas. Comb 
1 also bore 38 cells with silken caps that were intact; of these, two 
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contained prepupae that still retained the body form of larvae, while 
36 contained full formed pupae. Thirty of the pupae had advanced 
to the black subadult state, whereas 6 remained more or less white. 
Of the 38 capped cells, 23 were situated on the central area, 15 on the 
submarginal portion of the comb. The 126 now open cells of the in 
termediate area of the comb, and 24 incomplete cells at the periphery 
are considered as having housed eggs or larvae on September 22, 


total of 150 cells. 
TABLE III 


CASTES OF INDIVIDUALS REMOVED FROM CAPPED CELLS 


; ) 
Number removed Prepupae or pupae Pupae 


Comb number ’ 
; from cells not identifiable 


38 
51 


19 


Referring to Table III, I classify as pupae ali individuals having 
legs, wings, antennae and mouthparts fully everted and the body 
regions clearly defined. ‘‘Prepupa’’ has reference to individuals re 
taining the external form of larvae, also those with no legs but head 
and wings everted in part. Some pupae were soft, white, with antennal 
segments somewhat annulated and readily deformed when manipu 
lated, so that caste was not positively identifiable. Most pupae wer 
firm and black, i.e. subadult, hence castes were determinable with 
certainty, the males by the genitalia and the 13-segmented antenna 
the females by their stingers and 12-segmented antennae. Since SS 
of the 108 individuals removed from the c2lls, as of September 22, wert 
males, the remaining 20 also may be presumed to have been mak 
This belief is strengthened by the fact that 42 of the 45 dead adult 
found associated with the inert nest also were males. The remaining 3 
were small females, 1.e. workers. It is of interest that only 45 adults 
of the 305 (table 2) known to have developed in this nest remained 
on September 22, when the colony was artificially terminated. The 
young queens that presumably had developed, had left the nest. Also 
the old queen had departed. 


POSTSCRIPT 

After the above description of the ‘“‘Love’’ wasps was completed 
Doctor Garland T. Riegel, Eastern State Teachers College, Charleston, 
Illinois, told me of a similar nest. He recalled seeing an article and a 
photograph in the Chicago News. The account proved to be in a 
State Edition, dated Wed., Sept. 28, 1948. Through the clipping he 
sent me, I learned that this nest was built on a window of the farm 
home of Mr. and Mrs. Irwin Edgerton, near Albany in northwestern 
Illinois. The Edgertons, now residing in Clinton, Iowa, mailed me 
clippings of articles and photographs published in the Clinton Herald 
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Moline, [linois, Dispatch, and also certain data of entomological 


photographs and Mrs. Edgerton’s descriptions show beyond 
doubt that the nest was that of D. maculata. The home is surrounded 
by many large trees, and the queen chose an upper corner of a sitting 
room window at the southwest side of the house to begin her nest. 
It was initiated about the last week of April; the spring of 1949 was 
Suilding continued until the advent of cool weather, and a 
wasps remained at frost time in October. At its maximum, the 
was about 18 inches wide and 24 inches in vertical dimension, 
irregularly conical in form, and extended several inches beyond the 
left and upper wooden frames of the supporting window. However, 
the entire interior, or comb chamber, remained visible through the 
window glass that constituted the back wall of the nest. In all, 23 
paper layers had been constructed in forming the nest wall or envelope. 
The characteristic dormers, apt described by the Moline reporter as 
“rainproof louvers’? were numerous at the top of the nest. Four 
combs of brood-rearing cells occurred at the peak of the season. The 
Edgertons observed the workers carry materials into the nest, saw 
them renovate the cells after young adults had emerged from them, 
and noticed some of them pause at the entrance to fan their wings as 
if to ventilate the nest. The wasps were excitable only when the 
window was tapped or a near-by door allowed to slam. The presence 
of this colony afforded the Edgertons and their friends a unique and 
pleasurable experience. 
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THE WORLD OF THE HONEYBEE, by Coitn G. ButLer. 221 pages, illu 
trated MacMillan Company Price, $4.50 


Butler has provided a real contribution in his ‘‘The World of the Honeybee’’ 
lhis is an authoritative text written in a popular style It should be of interest 


lse interested in natural 


t 


the bee keepe r, to the entomologist and to anyone « 
tor 

Dr. Butler ha pre ented an excellent account of the biology of the honeybees 

is written in a popular vein which makes its reading very enjoyable 

ult of first hand studies in Ceylon, Butler has presented an outstanding 

ion of the honeybee of Asia and their relation hip to the common honey 

bee H discu 1 of the de elopment of the ocial habits of the honeybee 

app iT to be ery logical 
A fundamental discovery reported in the text is a material known as the 
“queen substance According to Butler the presence or absence of this material 


contributes greatly to the morale of the colony. 
F. R. SHAW 





ELECTRON MICROSCOPE STUDIES OF 
INSECT MUSCLE 


Il. FruiGur AND LEG MuscLes oF Belostoma AND Pertplaneta. 


GEORGE A. EDWARDS,! PERSIO DE SOUZA SANTOS,? 
HELENA LOPES DE SOUZA SANTOS,’ ann PAULO SAWAYA,! 


INTRODUCTION 

The greater part of our information concerning the fine structure 
of striated muscle has been derived from a study of the vertebrates 
Insect, or invertebrate other than mollusc, muscle has been little studied 
with the electron microscope. Richards, Anderson and Hance (1942) 
illustrated a microtome sectioning technique for electron microscopy 
with sections of cockroach striated muscle. Farrant and Mercer (1952) 
compared grasshopper wing muscle with crab leg muscle, obtaining 
excellent photographs of myofilaments but failing to observe the clas 
sical lines and bands described for vertebrate myofibrils. In recent 
studies (Edwards, Souza Santos, Souza Santos, and Sawaya, 1953; 
1954) of the muscles of the water beetle, Hydrophilus piceus, it was 
found that the flight muscle fibril differs from that of the coxa in color, 
form, size and number of cross lines; that the presence of cross lines 
depends upon the state of contraction; and that the insect muscle 
fibril differs considerably from that of the vertebrate. 

In a continuation of our survey of the fine structure of muscles 
from various insects, we chose two widely different insects; the water 
bug, Belostoma sp. because of the significant differences appearing in 
the muscles even at the level of the single fiber, and Periplaneta because 
of the apparent uniformity of fiber structure in the various muscles of 
the body. 

MATERIAL AND TECHNIQUE 

The animals used in the present study were adult males and females 
of Periplaneta americana raised in the laboratory, and of Belostoma sp 
obtained in a small pond on the outskirts of Sado Paulo. Various 
muscles of the body were studied, e.g. adductor mandibulae, abdominal 
intersegmentals, etc., but attention was paid principally to the dorso- 
longitudinal flight muscles of both insects, and the coxal levator of 
Belostoma and the femoral muscles of Periplaneta. All preparations 
were made as follows. The animals were opened, the muscles exposed 
and fixed in situ on wooden splints in various lengths and preserved in 
5% formol. After one hour the muscles were dissected out, cleaned 
of adhering tissues, washed with distilled water and triturated in a 
mortar and pestle. The resulting suspension was blended in a micro 
blendor at 20.000 r.p.m. for 15 minutes in 5 minute periods, diluted 
with distilled water, placed on the parlodion coated grids and dried 
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Metallization was accomplished with chromium at an angle of 10 degrees 
The preparations were examined in a Siemens UM 100b electron micro- 
at direct magnifications of 1400 and 6200 X 


Sc¢ | Tt 


RESULTS 


A. Belostoma flight muscle 
The dorso-longitudinal flight muscles of Belostoma appear as two 
irge bundles of fibers immediately beneath 
They vary in color from pink to a deep 
Under the 


symmetrically disposed, 1: 
the tergum of the thorax 
brownish-red and are supported by heavy tracheation. 


4 


ne 
Se 
Electron micrograph of typical myofibril from dorsolongitudinal 
indirect flight muscle of Belostoma in equilibrium length 


light microscope they are seen to be composed of smaller bundles of 
thin fibers surrounded by groups of tracheae and tracheoles 
The fibers contain numerous fibrils 


long, 
The fibers have a fine sarcolemma 
surrounded by rows of sarcosomes aligned parallel to the long axis of 
the fibril 

In general outline the flight muscle fibrils of Belostoma resembled 
those of the flight muscle of Hydrophilus. The fibrils were long, thin, 
cylindrical in form, uniform in diameter and of clean outline (Figure 1) 
The fibrils tended to fracture transversely in the I region, and many 
times apparently at the Z line. In diameter the fibrils averaged 0.70 
microns. It is impossible to control accurately the amount of ex- 
tension or contraction of insect muscle due to its tendency to tear or 
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break when teased, but we believe that the majority of the flight 
muscle fibrils we observed were in the equilibrium length. In this 
length the average period (from Z line to Z line) was 2.78 u 

The isotropic region was generally short (average of 0.52 4), thin 
and of little density, with a dense Z line in the center. The Z line 
of the insect myofibril, in general, is relatively quite large, occupying a 
considerable fraction of the I region. N lines were not usually visible, 
although faint suggestions of them appeared in partially contracted 
fibrils. The Z line appeared as either (1) a hollow, external ring con 
stricting the fibril and preventing dispersion of the longitudinal fila 
ments in the I region, or (2) as an oval ring which appeared to be em 
bedded in the I substance 


Electron micrograph of fibril from coxal levator muscle of Belostoma 
ta) I 
In equilibrium length 


The A region was generally of solid, cylindrical form with an 
average length of 2.26 uw in the equilibrium fibril. The disc of Hensen 
(H band) was usually visible as a less dense, depressed region with a 
dense M line in the center. The M line was rather interesting in that 
it sometimes appeared as one large, dense line, sometimes as two large 
lines, and often as one central dense line with several smaller, less 
dense lines on either side. As we believe these M lines to be formed 
from migration of H band substance, we prefer to call the smaller lines 
the sub-M-lines, in conformity with the terminology of Draper and 
Hodge (1949) rather than denominate them as new lines (e.g. the “X”’ 
lines of Beams, Evans, Janney and Baker, 1949). Longitudinal and 
cross filaments were visible in both A and I regions, the fundamental 
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components of both regions thus appearing identical. The longi- 
tudinal filaments were continuous through both regions. 


B. Belostoma coxal muscle 


The coxal levator muscle, situated between the large metathoracic 
apodeme and coxal margin, is composed of two, plainly visible bundles 
of white fibers, held together by relatively few tracheae. The individual 
fibers are enclosed in a thick sarcolemma, the fibers being wide and 


Electror graph of Belostoma coxal levator fibril howing the 


lliptic al Z line 


flat. Only with difficulty can the fibers be separated, as also the 
fibrils, due to their tendency to fracture longitudinally 

The coxal levator myofibril appeared flat, irregular in outline, and 
averaged 3.84 microns in diameter (Figure 2). The period of the 
equilibrium length fibril averaged 4.094. The relief presented by 
the coxal fibril is quite different from that of the flight muscle fibril 
The Z line appeared as a dense, irregular ring embedded in the I sub- 
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stance (Figure 3), or as a constricting, external ring around an other- 
wise laterally expanding fibril. The I region was usually short, 
averaging 0.68 uw, and the N lines were never observed. The A region 
appeared flat, of length on the average of 3.41 4, and only slightly 
raised above the I region. The H band was observed as either a 
narrow depression or as an irregular series of indentations only slightly 
less dense than the rest of the A region. The M line was not visible 
in the coxal levator preparations, although a few scattered dense 
regions sometimes gave the impression of a line across the H band 
Longitudinal filaments were easily visible but the cross pattern was 
less distinct than that of the flight muscle fibril. 


so 


‘ped le 


x doe r 
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Electron micrograph of myofibril from partially stretch 
longitudinal flight muscle of Periplaneta americana 


C. Periplaneta flight muscle 

The muscles of Periplaneta are uniform in color within a given sex, 
t.e. the muscles of the male are of an extremely pale brownish yellow 
whereas those of the female are more whitish. Macroscopically ther 
appears to be no difference between the flight muscle general appearance 
and that of other muscles of the body. The fibers exhibit longitudinal 
splitting, have poor tracheation and lack sarcosomes The tracheal 
support is in the form of single tracheoles, or few branches, around 
each fiber in contradistinction to the tufts of tracheoles found in the 
higher insects The fibers are easily dissected out Each fibe r appear 
to be invested with a thin limiting membranous structure, which 1 
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be comparabl to the sarcolemma of the white fibers of the 

the electron microscope the flight muscle fibril of Periplaneta 
‘igure 4) (indirect, dorso-longitudinal) more closely resembled the 
tal than flight muscle fibril of Belostoma and Hydrophilus. The 
1 lacked uniformity of diameter, was of large diameter (averaged 
4.53 w), frayed rather easily at the edges, appeared to be flattened in 
the preparations, and did not present easily distinguished regions 
and line The A and I regions were most clearly seen in the stretched 
condition (Figure 4). The A region had an average length of 2.93 u 
and the I region 1.26 yu, giving a total period of 4.19 in the equili- 
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i 

) 
) 


ae 


is Meh 


: 
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nicrograph of myofibril from partially stretched femoral 
muscle of Periplaneta americana 


brium length fibril. Thus the flight muscle fibril of Periplaneta has a 
resting period equivalent to that of the coxal muscle of Belostoma 
(4.09 vw). It is interesting to note that in all of the preparations of 
flight muscle fibrils of Periplaneta we were unable to clearly distinguish 
cross lines other than the Z. The Z line appeared as a wavy, irregularly 
outlined dense line, at times passing beyond the limit of the fibril 
In several hundred myofibril preparations investigated no N lines 
were visible in any stage of contraction. The A region was divided 
into the two denser regions near the I, and the lighter central region 
which we assume to be the disc of Hensen. In the center of this region 
was sometimes seen a series of irregular, dense spots, presenting thus 
a diffuse M line. A distinct M line, or sub-M-lines were never seen 
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D. Periplaneta femoral muscle 


The femoral muscle of Periplaneta showed the same gross appearance 
as that of the flight muscle. The fibrils (Figure 5) also closely re 
sembled those described above for flight muscle The average period 
of the femoral myofibril was 4.33 yu, with the A region having a length 
of 3.24 and the I region 1.09 uw in the resting length. The diameter 
was not uniform, and in average was 3.47 uw. As in the flight muscle 
fibrils of this insect the regions and lines were not clearly marked 
The Z line was a wavy, irregular, dense line. The N lines were never 
observed. The H band appeared as a less dense, wide band in the 
center of the A region, actually often with little difference in density 
between the H band and the proximal portions of the A substance 
The M line appeared as a series of diffuse, dense spots, more often 
suggesting a line than being one. Thus in its entirety the femoral 
muscle fibril appeared to be similar in structure to the flight muscle 


fibril 


DISCUSSION 


In the three insects studied thus far, Hydrophilus, Belostoma and 
Periplaneta, we have discovered some rather interesting fact: The 
two higher insects show a clear differentiation of musculature The 
flight muscle fibrils are generally of small diameter, uniform in diameter, 
and show clearly the regions and all lines classically described for 
striated muscle. The other muscles of the body, as exemplified by thi 
coxal levator described above, have a wide diameter, are non-uniform 
and do not show all lines. The flight muscle fibril has a short period 
and appears cylindrical, the coxal muscle a long period and appears 
flattened in the preparations. In a lower insect, Periplaneta, these 
differences disappear. The flight muscle and femoral muscle fibrils 


are alike in appearance and structure, and appear to have more the 
characteristics of the coxal muscle of the higher forms. That is, they 


are of great diameter, long period, flattened in preparations, lack 
distinct lines and have little relief between regions. Such difference 
cannot be ascribed to function. All three insects are poor fliers, the 
first two mentioned being strong swimmers and the cockroach a strong 
runner. Hence on the basis of function one would expect the leg 
muscles to be more specialised. Yet the leg muscle fibril structure is 
similar in all cases to that of other white muscles of the body, e.g 
mandibular adductor, intestinal wall, intersegmental muscles, etc., 
with the exception of the length of period The two secondarily 
aquatic insects, Hydrophilus and Belostoma, not only in the fibrillat 
structure but also in the structure of the fiber, present characteristics 
of the strong fliers among the higher orders, i.e. dark color, heavy 
tracheation, and presence of sarcosomes in the wing muscles 
Physiological differences, e.g. enzyme activity, have been demonstrated 
between red and white insect muscle (Sacktor and Bodenstein, 1952) 
and between lower and higher insect muscle (Sacktor, 1953; Sacktor, 
Thomas, Moser and Bloch, 1953: Perez-Gonzalez and Edwards, 1953) 
Thus there appears to be a relation between type or concentration of 
enzymes, presence or absence of sarcosomes, relative thickness of 
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sarcolemma, type of tracheation and structure of fibril. The relation- 
ship appears to be more one of phylogenetic position of the insect 
than one of function, that is there appears to be a specialization of the 
flight muscles in the higher orders 

The regions and lines of insect muscles appear to differ from those 
of the vertebrates. The insect myofibrils do not show the distinct 
relief between regions that the vertebrate fibrils show, particularly 
in the case of white fibrils. In the insect fibrils thus far observed the 
Z line is always strongly present. It appears to be a ring of extraneous 
material around the I region acting to hold the filaments together 
and to link neighboring fibrils. Its exact location, 1.e. whether em- 
bedded in the I substance or located externally cannot be determined 
from our preparations. We have seen some preparations in which the 
Z line continues beyond the fibril linking together several fibrils, but 
we have also seen (viz., Figure 3) the Z as a distinct ring around the 
fibril. It is quite certain, however, that the Z line is not a part of the 
contractile substance The N lines have sometimes been visible in 
flight muscle fibrils in partial contraction, never in white muscle fibrils 
The Hensen’s disc appears as a concave region quite distinguishable 
in the flight myofibril in the higher insects; in the white muscle fibril 
however, it appears as a diffuse area of only slightly less density than 
the surrounding A substanc« The M line in the red flight muscle fibril 
of higher insects may appear as a single heavy line, or as a thinner 
central line flanked by several sub-M-lines. This coincides with our 
findings in vertebrate muscle fibrils, and we believe that the M line 
is thus formed by migration of the H band substance as first suggested 
by Hall, Jakus and Schmitt (1946) In the lower insect and in white 
muscle fibrils the M line is either absent, or is composed of irregularly 
spaced, slightly dense, small protuberances giving the appearance of a 
wide, diffuse band rather than a distinct line 

As the muscles we have studied thus far in insects have been pre- 
pared either fresh, macerated in glycerol, or fixed in formol, we cannot 
believe that in the coxal fibril or in the lower insect muscle fibrils the 
cross lines were washed away or otherwise lost through chemical treat- 
ment (as suggested by Rozsa, Szent-Gyorgyi and Wyckoff, 1950, for 
the rabbit myofibril) 

Of interest is the cylindrical form of the flight muscle fibril of the 
hig he r insect as compared with the flatness of the white fibril Such 
a difference could be explained on several bases, viz., (1) technique of 
preparation, but we have observed the same phenomenon in three 
different insects with muscle prepared in three different ways, (2) 
that the flight muscle contains more filaments, (3) that the water 
content of the white fibril is greater than that of the red, or (4) that 
the arrangement of forces within the fiber and fibril is such that the 
red, flight muscle fibril always takes the cylindrical form and the 
white muscle the flattened. We are more inclined to the latter pos- 
ibility in view of the facts that (a) the red, flight muscle fibril has 
a thin sarcolemma but has heavy tracheolar support whereas the white 
fibril has a thick sarcolemma and little tracheolar support, and (b) the 
red muscle fiber and fibril tend to fracture transversely whereas the 
white fiber and fibril tend to fracture longitudinally 
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SUMMARY 

An electron microscope study of various muscle fibrils, with par- 
ticular attention to flight and leg muscles, has been made in Belostoma 
spp. and Periplaneta americana. 

The Belostoma flight muscle fibril is thin, solidly cylindrical, shows 
relief between regions, has well defined regions and cross lines and is 
of short period. The coxal levator muscle fibril appears flat, irregular 
and broad, showing little relief, poorly defined regions and only the Z 
and H bands among the cross lines. 

The Periplaneta muscle fibrils do not show differentiation. The 
flight and femoral muscle fibrils appear similar and are more closely 
related in structure to the Belostoma coxal muscle fibril than to the 
flight muscle, i.e. are flat, of wide diameter, irregular, of long period, 
and do not show well defined regions and lines 

A discussion is presented of the significance of these findings and 
comparisons made with vertebrate fibrils. 

It is concluded that the differences appearing between the flight 
muscle structure in Belostoma and that of the white muscles of this 
insect and of Periplaneta are related to phylogenetic position of the 
insects rather than to specific function of the muscles 
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A MORPHOLOGICAL DIFFERENCE BETWEEN THE 
NYMPHS OF ANTONINA GRAMINIS (MASK.) 
AND ANTONINA PARROTTI (CKL.) AND 
ANTONINA NORTONI PARR. 


(Coccidae; Homoptera) 


PAUL T. RIHERD 


iate Entomologist, Lower Rio Grande Valley Experiment Station 
Weslaco, Texa 


The Rhodes grass scale, Antonina graminis (Mask.) is a pest of 
major importance on many grasses in Texas. It is known to attack 
seventy-four species of grasses, and is a limiting factor in the produc- 
tion of pasture forage. Some of the more favored hosts are grasses 
used in the improved pasture program and as turf on lawns and mu- 
nicipal areas 

The distribution of two other species of the same genus, Antonina 
parrotti (Ckl.) and Antonina nortoni Parr. overlap that of A. graminis 
(Mask.); however, A. parrotti (Ckl.) and A. nortoni Parr. are of much 
less economic importance than is A. graminis (Mask.) 

{ntonina graminis (Mask.) infesting lawns and parks at times pro- 
duce enormous numbers of nymphs. Consequently this stage of the 
insect is often the first form discovered by home owners and park 
managers; therefore, re quests for identification of the nymphs are often 
TEeCE ived 


This paper describes a morphological distinction between the 


nymphs or ‘‘crawler’’ stage of A. graminis (Mask.) and the two other 
species of the genus, which are known to occur in Texas 


METHODS 


A study was made of the nymphs of the three species of the genus 
Antonina known to occur in Texas to determine if the Rhodes grass 
scale could be accurately distinguished from the other two species of 
lesser economic importance 

Individual adult females were carefully removed from the host grass 
and pla ed in a shell vial A small piece of blotter paper was moistened 
and placed in the vial to maintain a favorable humidity in the vial. 
The vials were labeled and firmly stoppered with a plug of non-absorbent 
cotton. Each day the young that had been produced by the enclosed 
female were removed and placed in a similarly labeled vial of 70% 
alcohol. When approximately thirty nymphs had accumulated they 
were cleared and mounted in balsam on microscope slides for detailed 
study The adults were then sent to Dr. Harold Morrison, Entomolo- 
gist, U. S. Department of Agriculture, Bureau of Entomology and 
Plant Quarantine for verification of the identification. Camera lucida 
drawings were made from the microscope slide mounts of the nymphs. 
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DISCUSSION 

All three of these species are OVoOviviparous The newly born 
nymphs have eyes, antennae, legs, and cerci, thus resembling a typical 
insect Reproduction is largely by parthenogensis No male of A 
graminis (Mask.) has been found 

The nymphs crawl about from one to four davs and come to rest 
when a suitable feeding place has been selected. In succeeding instars 
the body is covered with a cottony secretion, and the appendages de 


generate 


/ 


} 


Fics. 1-2. Ventralaspect, nymphs of Antonina. 1, A. parrotti;2, A. gramini 


The gross arrangement of the mouthparts of the three species is 
homologous to the corresponding arrangement of the generalized hom 
opteran mouthparts. The chitinous box-like frarne work with a tri 
angular posterior end is compesed of the clypeus, labrum, mandibular 
and maxillary sclerites. At the apex of the triangle is the rostrum 
through which the rostralis (modified mandibles and maxillae) pass 
into the host plant. The rostralis extends posteriorly, making a loop 
within the crumena. The crumena is an invagination of the body wall 
which extends back into the body cavity 
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It was found that A. graminis (Mask.) could be separated from the 
other two species by the structure of the mouthparts n A. graminis 
(Mask.) the doubled rostralis is enclosed in a single sheath within the 
crumena from the rostrum to the loop end. The sheathed rostralis ex- 
tends posteriorly to the metathoracic legs or beyond and is then coiled 
into two or three complete circles, one above the other, with the loop 
end on the inside of the coil (fig. 2) 

No morphological differences were found that would distinguish A 
parrotti (Ckl.) from A. nortoni Parr. In general, the rostralis in A 
parrotti (Ckl.) extends farther posteriorly in the crumena than A.nortont 
Parr., but this difference is not constant. The rostralis is extended 
posteriorly in a simple loop which may not extend farther than the 
mesothoracic leg or it may extend to the sixth abdominal segment. The 
doubled rostralis is enclosed in separate sheathes between the rostrum 
and the loop end as iilustrated in A. parrotti (Ckl.). Figure 1.) 

The nymphs of A. parrotti (Ckl.) and A. nortoni Parr. are uniformly 
dirty white in color while the nymphs of A. graminis (Mask.) are yellow- 


ish except the abdomen which is wine colored 


CONCLUSIONS 


1. The Rhodes grass scale, Antonina graminis (Mask.) can be dis- 
tinguished from Antonina parrotti (Ckl.) and Antonina nortoni Parr. by 
the structure of the mouthparts 
2. No constant morphological difference was found that will dis- 


tinguish Antonina parrotti (Ckl.) and Antonina nortoni Parr 


DIE BINNENGEWASSER. VOL. 20. CHIRONOMUS, by AuGust THIENE 
MANN. xvi + 834 p. Schweizerbart’sche Verlagsbuchhandlung. Stutt 
gart 1954 Pr. RM 143.50. Bound 

Dr. Thienemann, for may years director of the Hydrobiological Station 

Plon and Professor Emeritus of zoology at the University of Kiel, has written 

this great volume summarizing his own studies on the biology of the Chironomid 

that of his colleagues, and of numerous students of the life in inland waters the 

world over. The text deals with the life, distribution, and the economic im 

portance of the large dipterous families Chironomidae (Tend ipedidae ) and Ceratopo 


at 


gonidae (He leidae 

Of the numerous topics into which the subject matter is divided the following 
may be mentioned: adaptation to environment, ecdysis, food habits, intersex 
and the relation to internal parasitism, parthenogenesis, parasitism by infusoria, 
mites, molds, et« Geographical distribution is discussed as well as distribution 
by habitats 

That chironomid larvae and pupae form a very important part of the food 
of the fish of inland waters has long been known and emphasized by the author 
in an extended review illustrated by many graphs and tables of chemical analyses, 
temperature data, counts of larvae in the stomachs of fish of streams and lakes, 


opulation counts of larvae and pupae of lake and stream bottoms, and other data 
po} puy 


of interest to the limnologist 
The book concludes with a comprehens ive literature list of 47 pages, a valu 
tabulation of the species of the Chironomidae and Ceratopogonidae 


able 22-page 
ubject-matter index that includes the names of the 


mentioned in the text, and a 
fish to which reference is made 
This volume is an outstanding work that will be appreciated by limnologists, 


entomologists, and all students of the life in inland water 
O. A. JOHANNSEN 





NOMENCLATURAL CONFUSION IN THE ODONATA; 
THE AGRION-CALOPTERYX PROBLEMS! 


B. ELWOOD MONTGOMERY 


t 


Purdue University 


Tillyard (1926, p. SO, footnote) discussed the proper names for 
the groups (genus, family, etc.) of dragonflies based, eventually, upon 


Libellula virgo Linnaeus and L. puella L 


‘It is unfortunate th { fir assical name Calopteryx, which was in gen 
eral use unchallenged for three ar of a century h arded by the 
Law of Priority, the type of the Linnean genus A grion being th t which had 

1 that time as Calopleryx virgo L Che new name required for 


been known for al 
the genus whose type had been known lgrion puella L., w 1 d by Kirby 
V1Z Coenagrion, who also changed the family to Coenagrioni by inalogy 
with the old form Agrionidae The name A grion, however, is derived from Greek 
agrias, wild, neuter agrion, a wild thing, stem agri-, and hence the correct family 
names are Agriidae, Coenagriidae, Megapodagriidae, and the superfamily name 


Agrioide a al d Coer igrioidea 


From the viewpoint of the present author this paragraph contains 
Calopteryx has 
two cataloguers (Kirby, 1S90 and 


a maximum number of errors. (1) The genus name 
never been discarded in spite of 
Muttkowski, 1910) and an opinion with direct bearing on the problem 
(No. 11) by the International Commission on Zoological Nomenclature 
In 1926, Calvert, Ris, Williamson and many other writers were using 
Calopteryx and a considerable number of specialists in_ the 


Odonata 


have continued to use it to the present time. (2) The genus Agrion 


was erected by Fabricius, not Linnaeus. (3) The derivation of Agrion 
as given by Tillyard 1s somewhat in error, (4) the stem is agrio-, not 
agri-, and, therefore, (5) the family and superfamily names which he 
formed are egregiously wrong. Earlier Tillyard had used the nam«e 
Calopteryx and the names of higher groups based upon it long after 
they were “discarded”’ by the Catalogues (cf. Tillyard, 1917, pp 
274-280 and elsewhere). Later he created many ‘‘new’’ names for 
families and subfamilies, both by the elevation of subordinate group 
to these ranks and by the selection of new type genera (see, especially 
Tillyard, 1938-1940) upon what many authorities consider inadequate 
view of these practices one 


systematic and nomenclatural bases. In 
“Coenagriidae”’ 


may well wonder if the introduction of ‘“Agriidae’’, 
ol a campaign to write ‘*Tillyard” after a 


etc., was the beginning 
many names as possible 

However, this discussion by Tillyard was merely the climax of a 
long ‘‘comedy of errors’ in the Calopleryx-A grion question which is thi 


+ 


most confusing nomenclatural problem in the Odonata 
Linnaeus included all species (20) of Odonata which were known té 
him in the genus Libellula. Fabricius made the first division of thi 


group in 1775 when he erected the genus Agrion at that time Of 


course, no derivations of names or citations of type species were giver 


by Fabri 1us 


Contribution from the Department of Entomology, Purdue Uni ity School 
of Agriculture and Agricultural Experiment Sta 


471 


tior 
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Attempted emendations of the name A grion were made by Rafinesque 
(1815) to Agrionus, and by Agassiz (1846) to Agrium. Agassiz (1846) 
1848) also emended the family name based upon A grion (= Agrium) to 
lgrioidae, noting that this form should replace ‘‘Agrionida Leach, 
1817, Agrionidae Steph., 1836, Agrionides Westw., 1840, and Agrionina 
Sel.—L., 1840.” 

Although Mickel (1934) insisted “that Fabricius had a very definite 
idea in mind when he applied the name ‘Odonata’ to the dragonflies 
and that he intended the name to signify something diagnostic with 
regard to these insects,’’ he also pointed out that “‘he [Fabricius] was 
independent and took liberties in compounding Greek words to form 
his ordinal names.’’ Mickel further observed that the early naturalists 
were not purists in their use of classical names 

“The naturalists of the eighteenth and early nineteenth centuries took many 
liberties in compounding Greek and Latin words for scientific name They 
were trained in Greek and Latin and did not hesitate to adapt those languages 


for scientific purposes. They sought names to express characteristic features of 
the animal to which the name was applied and if it became necessary to drop 
letters in order to form an euphonius name, the letters were unhesitatingly dropped 
A name with a meaning was more important to them than the unaltered use of 
Latin and Greek stems and prefixe If we moderns would recognize this fact 
many of our problems in nomenclature with respect to the correct form of family 


and higher-group names would disappear 


However, Walker (1912) has clearly showed that the significance of 
some Fabrician names cannot be determined satisfactorily. After 


quoting the attempts to interpret the name Aeshna by the editors of 
‘*Tlliger’s Magazine’ (who emended it to Aeschna), by Williamson 
and by Tillyard, he concludes 


‘As, however, it 1 impossible to decide the question of the meaning of thi 


word with any approach to certainty it is unfortunately necessary to fall back 


upon the original spelling, for although ‘Aeshna’ is impossible as a Greek word, 
‘Aeschna’, in spite of its better appearance, is also meaningless and impossible 
to derive from any Greek word without making allowance for error: 


From these facts it appears certain that names used by earlier 
(and later!) authors should not be subject to emendation unless there 
is evidence that the spelling is the result of a lapsus (/. calami, 1. 
memoriae, l. typographiae) 

(Intern. Rules, Art. 19.—‘‘The original orthography of a name is to be pre 
served unless an error of transcription, a lapsus calamt, or a typographical error 


is evident 


However, the Commission has recognized the need for correcting 
actual errors and at the Paris meeting in 1948 agreed to recommend 
proposals for a comprehensive provision dealing with the subject for 
consideration at the next Zoological Congress. Among these pro- 
posals are the following which have a special bearing upon the proper 
form of Agrion and that of Calopteryx discussed below. 

‘*(a) Words should be inserted in Article 19 to make it clear, that, in determining 
whether, as regards any given name, an error of transcription or of orthog 
raphy or a printers’ error is ‘evident’ in the original spelling of a scientific 
name, particular attention should be paid to evidence contained in the book 
or paper in which the name was first published; 
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b) it should be made cl 
from the gener ality 
the following example 
should be ame nded: 


11) When an author founds a new name upon 

but inadvertently commits an error in trat 
alphabet one or more of the Greek letter 
or the words were) composed the error of 
corrected 

(111) When an author founds a new name upon one or 
cited in the original publication of the name and 
words i there incorrectly It and in cor C] 

ame founded thereon is also incorrectly spelt, the spell 


name is to be emended."’ 


Such evidence must be limited to statements by the author of a 
name, either emendations with explantation of lapsus, a direct state 
ment of derivation which shows a variation in spelling mol/l intentional 
or other “evidence contained in the book or paper in which the name 
was first published.’’ Otherwise, a name must be considered either 
“barbarous”, or “an arbitrary combination of letters’’ if it does not 
conform to classical derivation (Intern. Rules, Art. 8, recommendation: 
7 and k) However, these names are to be written in Latin form 

(Intern. Rules, Art. 3 ee cientific names of anim: n be word 
which are either Latin of Latinized, or considered and trea h in case 
they are not of classi origin.’ 


As shown above, Agassiz long ago (1846) indicated that if the deri 
vation of Agrion proposed by Tillyard is followed, the correct form of 
the family name is Agrioidae, not Agriidae or Agrionidae. However 
Richter (1948) cited reasons for Agrionidae being the correct form 

‘‘Bei Agrion stehen sich in der Literatur die beiden Ableitungen Agrionida¢ 
und Agriidae gegenuber Ric htig ist Agrionidae , weil dann der Gat nj Name 


entsprechend Artikel 8, als Hauptwort (Aypwyv) auftritt, wahrend Agriidae ein 
Eigenschaftswort (dypwv) voraussetzen wurde."’ 


In order to settle the question of the correct form of the family 
name I obtained from Professor Whatmough (Professor and Chairman 
of Department of Comparative Philology at Harvard) an analysis of 
the word Agrion as a basis of family names 


‘“‘Agrion is evidently the neut sg. ol the adjective agrio fem. agria 


1! 


ii 
rarely agrias, neut. agrion There is also (attested only in a Fragment of L 


cilius , and in a Greek lexi ographi al item) a proper name 1 grion, of which 
genitive is Agrionos, and therefore the stem agrion—, while tl tem of agria 
19.30 (Agria phyla 


| 
Lie 


agriad (gen. agriados Homer uses agrion of flies, Iliad 
mutas ‘‘wild tribes, the flies’’) and that may have been the passage 


pired the use of a word meaning ‘‘wild, fierce’’ with reference to fli 
plac Cc 
“But (1) agrion is not derived from agrias. Both are derived from agro 


‘field’ or country’”’ (a oppo ed to town 
‘*(2) Agrion is not an t-stem, and so far from its being ‘obligatory for agrion 


to have the stem agri Pies positively wrong to suggest that it could ha e, lor 
em gnorant rubbisl Till 


agrion is an o-stem. ‘To talk of agrion being an 1 


yard is egregiously wrong 
‘*(3) However agrionidae, etc., are equally absurd, unle derived from the 
personal name Agrion (gen. Agrionos), which is surely ble Nothing i 


known of thi Agrion, and it is extremely unlikely that earl VT! m taxonomi 
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ccording 


+ 


agridde, € 


incorrect] 


he fort 


om, 


generic names must mt mploye d as a substantive in the 
nominative singular’ (Intern. Rules, Art. 8), (2) Fabricius gave no 
evidence whatever of the derivation of Agrion, (3) there is a name 
{grion, of which the proper stem is Agrion—, (4) all other forms of 
the family name are either incorrect and/or are based upon adjective 
forms, and (5) Agrionidae has the advantages of long usage, ease of 
pronunciation and is a correct form, the inevitable conclusion is that 
is must be used 
The treatment of Calopteryx in the literature has been somewhat 
different from that of Agrion, as an emendation achieved general ac- 
ceptanc The genus Calepleryx was proposed by Leach in Brewster's 
Edinburgh En¢ yclopaedia (1815: see discussion of date below), but 
this was emended to Caloplerya by Burmeister (1839), to Callepleryx 
by Hagen (1840), to Callipleryx by Agassiz (1846) and to Calapterya 
by Brauner (1902). Cowley (1949) concluded that there is no “war- 
rant” for an emendation as “‘it is only a probability, not a certainty, 
that he intended the name to be based on kad or Kkadoo and 
rrepué.’’ The acceptance of the emendation Calopteryx is due to 
an interpretation ol Leach’s observation on the composition of his 


new genus, “This genus comprehends those Agrionida with coloured 


$ 
wings’, as indicating a derivation from xadso, “beautiful”, plus 
rrepvé, “‘winged”’, and that Calepteryx was a printer’s error for Calo- 
leryn 

Of equal, or greater, importance to the proper form of these names 


is the question of the validity of Calopteryx as a genus name and the 
resultant applicability of Agrion 
The primary division of the Fabrician genus Agrion was made by 
Leach in his article on “Insects” in Brewster’s Edinburgh Encyclopaedia 
The first edition of this work is not readily available to American 
tudent: Doctor Calvert (in litt., Dec. 31, 1951) has informed me 
of his investigations of the presence of copies of this work in our 
librari 
‘In connection with Dr : m article in Ent. News, 1948, I looked 
Ent. News 59;201 at 


up yme of the C clopaedia 1 1 la } request (cf 


bottom An unpublished re f that search was that the only British edition 

of Brewster or Ree mn ied n the librari of the U. S. or Canada 

it the New York Public Library, which h he first British edition of Ree 

ol. 13, containing, tl irti ntomolog y D (Donovan, not Leach), pub 

lished in 1809, and the third edition of the Edinburgh, containing Leach’s article 
Entomology publi hed in 1830 

e this paper was prepared and submitted for publication in January, 1953, 

rned through Dr. Theodore H. Hubbell that the University of Michigan 

copy of the third IS30 Britis! editior of the Brewster 
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However, through inquiries by Doctor Calvert, I received from 
Mrs. Venia T. Phillips, Librarian of the Academy of Natural Science 
of Philadelphia (in litt., Feb. 26, 1952) the information that 

“The American Entomological Society owns a microfilt 
on entomology written by Leach which a ired in Brew 
lopedia, Volume 9, Part 1, April 1815 ‘his include 


( 


American edition of the new Edinburgh Encyclopedia con 


Otara I have been able to disco er, word for word 
| 


yart Z, page 646 to 75S, pul lished in 1816 


I have examined the portion of Leach’s article on prints 
Amer. Ent. Soc., microfilm (obtained through the assistance of 
Phillips), a photographic copy in the library of the Illinois Natural 
History Survey (catalogued as “Photocopy (positive) of the Edin 
burgh encyclopedia, Edinburgh, 1830, v. 9. p. 76-172” (without record 
of source, but probably from the N. Y. Public library according to Dr 
Harlow B. Mills, Chief of the Survey) and the American (1816) edi 
tion in the Purdue University Library. I find them to be identical, 
except for the pagination of the American edition 

The publication date of this work is usually cited as IS15, and 
there appears to be little doubt that this is correct Sherborn (1937) 
in an article listing “all the information I have been able to collect’’, 
but quoting no evidence, sources, or supporting facts, gave April, 
IS15, as the date for the first 384 pages of volume IX. However, 
Hagen once (1840) cited it as 1810, but later (1862-1863) as 1815, 
and Agassiz (1842-1846) listed it as 1817. Schmidt (1948, 1949) has 
raised the question of an earlier date, at least for Leach’s article, in 
view of Hagen’s reference (1849) to a statement by Stephens that the 
genera ol Odonata formed by Leach were erected in the year ISI10 
Hagen’s ideas on validity of publication, or priority, are carcely to 
be accepted without supporting evidence as he once (1890) stated that he 
always gave priority to Say’s species (over Burmeister’s) because Say’: 
paper was read to a society meeting in 1836! 

‘I have always used the names of the American entomologist, Thoma 


1 I worked in Europe, and their priority over those of H. Burmei 
means certat Say’s paper was read 12 July, 1836; it 
] why—until 1839 In my opinior 


thoug! 
e never been able to leart 
entomologist can never lose priority by the unaccounted for dela 


his paper 


t10n ol 


It is entirely possible that Leach’s manuscript was in existenc 
for a considerable time before its publication. The pre-publication 
circulation of manus¢ ripts appears to have been not at all uncommon 
at that time. Names of many species and genera from such manu 
scripts have appeared In papers by other authors before the publica 
tion of the work of the original author. As ideas of publication wer: 
rather vague, manuscript names were freely used with the assumption 
that the names were valid A reference to the establishment of Leach’ 
genera in 1810 by Stephens does not prove publication as interpreted 
today, since Stephens might have considered the groups established 


if Leach’s manuscript was well known at that time. The possible pub 
lication of Leach’s article in 1810 was considered important by Schmidt 
because of the supposed selection of Libellula virgo L { y 


of Agrion by Latreille in 1810 
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In the absence of any earlier selection, Leach’s work would fix the 
type of Agrion as L. puella by elimination, since his description of 
Calepteryx includes L. virgo, the only other originally included species 
This type fixation was the basis of the application of the names (A grion 
and Calopteryx) until 1890 when Kirby used Agrion for the genus with 
virgo as type, considered Calopleryx as a synonym, and proposed the 
new name Coenagrion for the genus with puella as type. Kirby based 
his suppression of Calopleryx upon the assumption that Latreillle had 
selected virgo as the type of Agrion in 1802. This change proved re- 
pugnant not only to students of the Odonata (Selys 1890, 1898) but 
also to workers in other groups as the acceptance of type fixation by 
Latreille would involve many changes in the names of common in- 
sects and crustacean 

In the course of preparation of his “Catalogue of the Odonata of 
North America’”’ (1910), Muttkowski encountered this problem, and 
secured from Kirby the evidence upon which he had based his change 
of names with the intention of submitting it to the International Com- 
mission on Zoological Nomenclature for an opinion. Although hi 
(Muttkowski, 1910a) stated, ““Conforming to the decision of the Com- 
mission (9 votes sustaining Kirby, 1 against the change; total 10 of 15 
votes), I have adopted Agrion and Coenagrion in Kirby’s sense,’’ there 
was no vote of the Commission upon Kirby’s use of names. In a 
later paper, Muttkowski (1910b) refers to correspondence with Doctor 
Stiles, then secretary of the Commission, pointing out that a ruling 


of the Commission upon another set of names in the Crustacea covered 


the question 
“Referring to the c: Agrion Fabricius, 1775, I would state that it is nov 
possible to give you a inite answer without referring the subject to the Com 


missior 
“If you will consult ‘Science’, 1910, Jan. 28, p. 150, you will find the following 
ruling by the International Commission 
“Opinior ‘The Designation of Genotypes hy Latreille, 1810'—, The ‘Table 
des genres avec l'indication de l'espece qui leur sert de type,’ in Latreille’s (1810 
‘Considerations generales,’ should be accepted as designation of types of the 
3 


genera in questior (Art 4 
“This decision was finally adopted by the Commission by a vote 12 to | 


two members of the Commission not voting 
‘I have consulted the book in question, namely Latreille, 1810, and find that 


on page 434 he give Agrior Agrion virgo, Fab.’—C. W. Stiles, Secretary In 


ternational Commi ion on Zoological Nomenclature."’ 
Muttkowski concluded 
‘This should settle the applicability of A grion for once and all. The synonymy 


of Kirby catalogue on Agrion and Coenagrion is thereby proven correct and 


Calopteryx can no longer be used with any semblance of authority by systematist 
However, many “‘systematists” and other authors have not agreed 
with this opinion. Muttkowski noted that only three authors be- 
sides Kirby “took cognisance of the change at all for systematic use’”’ 
between 1890 and 1910 Jetween 1910 and 1926 a few more adopted 
Kirby’s and Muttkowski’s terminology, but most (Calvert, Fraser, 
Lieftinck, Lucas, Martin, Morton, Needham, Ris and Williamson, as 
well as many others and—Tillyard!) continued to use Agrion in the 
‘“old’”’ sense until Tillyard’s fiasco in “correcting’’ the form and appli- 
cation of Agrionidae, etc., in The Insects of Australia and New Zealand 
(1926.) Thus, it appears that the discarding of the ‘“‘fine classical 





1954| Montgomery: Agrion-Calopteryx Problems 177 


name Calopteryx’’ by some authors has been due more to following 
one short paragraph which contains five errors, than to an Opinion of 
the Commission!! The Tillyardian usage has gradually become 
adopted into texts and reference books on general entomology and 
is now followed by some specialists on the Odonata, especially British 
and younger American authors. The general attitude in accepting 
Tillyard’s usage has probably been that expressed by Doctor Brues 
(in litt., Feb. 8, 1952) in reply to an inquiry if he had made any critical 
examination of this usage. 

‘‘No, I did not examine critically the question of Agrion when we prepared 
the ‘Classification of Insects.’ I simply took Tillyard’s word for it as I knew 


he was a graduate of Oxford and trained in the classics, and presumably quite 
sure of his accuracy in the matter.’ 


The resulting confusion has been great; Calvert (1949) has stated 
that everyone knows instantly what group is meant when either Cal 
opteryx or Coenagrion is used, but that no one knows what is meant 
by Agrion without reference to the context and frequently not then! 

‘What Calopteryx is is known, what Coenagrion is is known. Agrion is the 


uncertainty. What an unforgivable crime it would be from the priorist's point 
of view, to drop Agrion altogether!!! 


Many authors have protested against the suppression of Caloplerya 
and the shift in the application of Agrion, or have argued in support 
of “‘priority” in the citation of L. virgo as the type of Agrion, and the 
use of Coenagrion for L. puella, (Selys 1890, 1898; Ris 1930; Calvert 
1927, 1949; Longfield 1949; Schmidt 1948, 1949, 1952; Cowley 1934, 
1949), but few have presented any substantial evidence on either side 

As early as 1898, however, Stebbing contended that Latreille’s 
citation of “type’’ species in the Crustacea was not nomenclaturally 
valid; that he indicated more than one “‘type’”’ species in some genera, 
that he often indicated which section of a genus he considered typical, 
that the “type’’ species was not necessarily picked from this section, 
and that in later works when he divided a genus the old generic name 
was applied to the typical section rather than to the section contain- 
ing the ‘‘type’’ species. 

This view has been defended vigorously by Townes and Townes 
(1951) 


“Many authors (inc luding the present one have believed that Latreiile 
designated genotypes in his 1810 ‘Considerations general sur l’ordre naturel de 
crustaces, des arachnides, et des insectes.’ A recent examination of the litera 
ture has convinced the authors of this section of the catalog that in this work 
Latreille was only citing zoological 
otypes. The evidence in support of this view seems abundant and clear, wherea 
in support of the view that he was designating nomenclatorial genotypes there 
is only the word ‘type’ in the title of Latreille’s list lable des genre avec I’in 
dication de le pece qui leur ert de type’ Stebbing IS98, Natural Science 
12:239-244) has examined Latreille’ alled ty ignations in the ises of 
some of the Crustacea and shows that Latreille w 1 careful t how which 
section of a genus he considered the nomenclaiorially cal n, | in hi 
list of ‘ ypes’, was not conce rned with selecting a pec fror h f the 
genus designated as nomenclatorially typical. The list of ca Stebbing cite 
could be lengthened by examination of other group In his later w , when 
such a genus was subdivided, Latreille applied the origina neri ime to the 
section he had designated as typical rather than to the section containing the 
‘type’ of his list. In other words, Latreille'’s ‘types’ of the 1810 list were to him 


yeneric examples and not nomenclatural gen 
1 


§ 
t 
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only zoological examples of the genera and had no bearing on the application of 
the generic name 

“The International Commission on Zoological Nomenclature has attempted 
in its ‘Opinions’ to apply the names Jchneumon, Pimpla, Ephialtes, and Cryptus 
by edict. The methods of the Commission in these cases are admittedly not 
those of recognized nomenclatorial principles applied to bibliographic facts, and 
are therefore of a system foreign to that the authors have used throughout the 
family 

However, when I presented this view to Prof. J. Chester Bradley, 
he furnished me (in litt., Jan. 21, 1952) such a clear exposition of the 
opposite side of the question that I am quoting it in full 

, ire not alone in thinking that Latreille’s idea of ‘type’ even in 1810 
was not what we today mean by type The Commission has, however, taker 
the opposite iew, with good reason from a practical point of view 

“The purpose of the Regles is to provide an objective procedure by which 

tematists may determine how to apply nan to genera and species without 
recourse to subjective (and therefore unanswerab views as to the original intent 
of their proposer 

‘It is the busine of the historian to ferret out ubjectively, the activating 

motives behind the work of mer cience, but it is not the busin of the no 
menclaturist The motives | died with the actors, and only *s are left, 
ubject to diverse inte rpretatior 

‘When Latreille wrote that he was indicating the pecie that serve as the 
types of a list of gener we have to take him at his word and not begin to argue 
about what was in his mind. Otherwise we should have to take up whether he 
had grasped our modern concept, or had some other concept, as many did. But 
the very change from the word ‘Example’ to ‘type’ as by Latreille from 1801 to 
IS1O imp! ed a narrowing ol concept, some thing much more closely approat hing 
our concept of type-species than a random example. Yet it is not likely that 
Latreille ever conceived ‘type’ a tandard of interpretation of a generic name, 


y which that name would hi: be applied, and stand or fall. That is no 
reason at all why we should not apply it today, for we are faced with problem 
f which Latreille had no conception and must solve them according to our needs, 
ind not in accordance with the limited concepts of the 18th century 

‘*The fact that Latreille 1810 often cited two type , quite clearly 
he really was not thinking of setting absolute standards for interpreting the nan 
In his conceiving that he was making his generic concept entirely clear in namin 
imply 
had no conception of the extent to which genera would eventually be subdivided 
‘Wher in author nan W Ly pe pec ot one genus, that obviously doe 


two species as representati h 1 short of modern requirements—h« 


not meet our modern requiren , but it should not effect the inst: vhere 


he validl elects one species to be type It seems to me that it is no cause for 


t 


criticism of the Commission that in issuing Opinion 11 they took it for 
th it would be understood to apply only to those cases in which Latre1l 
nated ingle type, and of course (as in all type designatior to those 
which the species designated as type was an available one, and i1 
n earlier designation or indication.’ 
tions of nomenclature, as all elements of language, are s¢ ttled 

eventually by popular usage and a final ‘“‘stable nomenclature’”’ will 
be established by the gene ral practices ol zoologists, not by “decisions” 
by Commissions, Committees of Societies, or even Congresses with 
universal representation. However, these decisions may contribute con- 
siderably in hastening the fruition of stability when they indorse es- 
tablished usage questioned by a minority of workers, or a group of 
inconoclast Or, in cases where the evidence and usage are more Or 
less equally balanced on the different sides of a question such de- 
cisions may direct the course of the development of a final stability 

The International Rules of Zoologi al Nomenclature were developed 
in this manner; they were “officially adopted”’ only after the principles 
involved had gained general acceptance, but the course of their develop- 
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ment was guided considerably by the actions of several committees and 
congresses. Their continued authority is dependent upon their unt 
versal appeal, not upon enforcement by decision or edict. The rulings 
of the Commission were properly termed ‘‘opinions’’ not ‘decisions’ 
To have supreme value, however, they must be based not only upon 
general principles, which presumably are well known to all who are 
ever selected as commissioners, but also upon all the obtainable evidence 
in each individual case. The use of “plenary action’? by the Com 
mission, authorized by the Monaco meeting of the International Con 
gress of Zoology in 1913, and occupying major attention of the Com 
mission since the removal of its headquarters to London, may lead to 
greater rather than less confusion unless every decision is based upon 
absolute priority and/or a usage with overwhelming appeal 

The evils of ‘‘plenary action’? may not be confined to the effects of 
the matters immediately involved but have concomitant results 1n 
tending to raise to scriptural authority all ‘‘opinions”’ and other actions 
of the Commission. Thus, it has recently been necessary for the Com 
mission to issue a “supplementary opinion No. 136 on the interpreta 
tion of Latreille’s types’”’ to explain that Opinion 11 means that the 
types ‘‘selected” in the ‘Table des genre avec l’indication de l’éspéce 
qui leur sert de type’’ are valid only in those cases in which he named a 
species which was originally included in the genu: I agree with 
Doctor Bradley's statement (quoted above) that it should be no cause 
for criticism of the Commission when they assumed that it would be 
understood that Opinion 1] applied only to those genera in which 
Latreille’s indication of types conformed to the general principles of 
type designation and that, ‘‘When later uncertainty arose about the 
matter, it is no matter of reproach that we (I use the first person fot 
I was one present and voting) issued unanimously a supplementary 
clarifying Opinion (No. 136)” 

Many writers have contended that there should be no exc ptions to 
the rule of priority. Kennedy (1929) has given an excellent statement 
of the logic behind this contention 

‘The law of priority as devised should eliminate the emoti 
and mistakes due to the various emotions that produce indifferenc 

From the strictly scientific point of W 
cerning priority rigidly applied involve h factor 
cation, 2) the synonym, and 3 the correctior Wher 
set aside there is added to this first set of factors a fourth factor 
ruling of the International Commission such rulings obvious] 


] 


le imple and Ie cientific and more emotional and more 
ment for such exceptions to the law of priority cor 
publication f the synonym, which publication n 

1 


» ] j | re 
and over a long period ot time [he uatio1 


- 
time factor which to the writer is the most importar 
‘*This time factor is the length of time tl 


yared to the whole subsequent history of biologi 
| ‘ 


tne I 

] ] 

think of the code usage as being mature today at the 

five vear Instead it probably merely in i infar nd tl lit ture 
full of synonyms crying for recognition will ha n el | u ceded 
adequate catalogue ind check list 

time only literary experts interested 11 

the literature of today As time go¢ 

finally by the rule of priority yventu 

as are actively evolvin } 


come complete If 
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priority by special rulings of the Commission, such names will always remain 


ore spots to be re-opened by those craving an inviolate uniform rule."’ 


However, the whole system of Zoological Nomenclature, including 
the rule of priority, is merely a means to an end—that of providing 
the most stable names for the groups into which animals are disposed 
by systematic study. Nomenclature is the answer, in technical Zoology, 
to problems as old as human speech—the necessity of referring to ob- 
jects by name and the need of always referring to objects of the same 
kind by the same name When strict adherence to the rule of priority 
would give a less stable name than one which has long been used (that 
is, another name is in such general use that objects would not always 
be referred to by the same name if an attempt is made to “restore’’ the 
name with priority), the rule is defeating its own purpose. Such a 
condition arises when a synonym is in general use during the formative 
years of the taxonomy of a group. If such a name is applied to an 
entity which becomes the “type’’ of a group and remains in constant 
use throughout the development of the classification of the group 
which attains to higher and higher rank, the name certainly achieves 
practical, if not technical, priority. Thus Calopteryx and Agrion were 
applied to certain groups at the beginning of the development of Odona- 
tology. They continued to be used in the same sense, without excep- 
tion, until 1890.° 


Westwood (1840) wrote, ‘‘By this name |Agrion| I here more especially mean 
L. virgo, which is the true type of Agrion Fabr.; although Leach injudiciously 
formed it into the genus Calepteryx, retaining Agrion for other insects."’ 

However, Westwood appears to have been the first to definitely select virgo 
as the type of Calopteryx (i.e. Calepteryx). In a ‘‘Synopsis of the Genera of 
British Insects"’, a separately paged appendix to the second volume of his ‘‘Intro 
duction to the Modern Classification of Insects’’ he listed types for genera. This 
election of type species appears to have been overlooked by workers on the classi 
fication of the Odonata In view of the importance of these citations and prior over 
sight of them I am quoting the first line (but omitting the following lines which 
give the characteristics of genera) of the section listing Odonata A footnote on 
page 1 of the appt ndix read 

‘Throughout this Synopsis, the first line of each genus comprises the follow 
ing Particular 1. Name of the genus; 2. name of its founder: 3 ynonyms of 
the genus; 4. author of the synonymical genus; 5. number of British species; 6 
typical species; 7. reference to the best figure; this last item being occasionly, for 
want of space, placed after the description of the genus 

The Odonata make up Family 5 of the Neuroptera and are listed on page 
47-48 

ily 5. LIBELLULIDAE Westw. (Libellulina MacL 
Subfamily 1. Libellulides Westw. (Libellulidae Leach 


ANAX Leach. Libellula p. V. L. I sp. An. formosa V. L 
AESHNA Fabr. Libellula p. Linn. 7 sp. L. grandis Linn. Donov. 337. f. 2 
CORDULEGASTER Leach. Libellula p. Linn. 1 sp. AE. annulata Latr 
GOMPHUS Leach. Libellula p. Linn. 2 sp. L. vulgatissima Linn. Donov. 423 
CORDULIA Leach Libellula p. Linn. 3sp. L. aenea Linn. Curt. 616 
LIBELLULA Linn lisp. L.depressa Linn. Curtis 712 

Platetrum Newm., L. depressa. Leptetrum Newm., L.4-maculata. Orthetrum 
Newm., L. cancellata. Sympetrum Newm., L. scotica 

Subfamily 2 Agrionides Westw. (Agrionidae Leach.) 

AGRION Fab. Libellula p. Linn. 13 sp. L. puella Linn. Steph. 6. pl 29 f. 4 


LESTES Leach Agrion p. Fab. 3 sp. L. viridis V. L 
CALEPTERYX Linn ic] Agrion p. Fab. 4 sp. L. virgo Linn. Donov. 36. f. 1 
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The science of Odonatology may be said to have had its origin in 
1839-42, as previous authors had given dragonflies only casual attention 
in general entomological discussions. During these years Burmeister 
(1839) described 159 species arranged in six genera and Rambur (1842) 
more than 360 species in 33 genera, Hagen published his first two papers 
(1839, 1840) and Selys his third to tenth (1839-1841) (all of these by 
both authors devoted exclusively to the Odonata) and the first paper 
on the Odonata published in America, Say’s Descriptions of North 
American Neuropterous Insects, etc., (1839) appeared (posthumously) 
The number of names proposed for genera and species (including sub 
species, varieties, etc.), respectively, increased from 1—1S8 in the Calop 
terygidae and 3-65 in the Agrionidae at the beginning of 1839 to 38-218 
in the Calopterygidae and 93-694 in the Agrionidae before 1890. With 
this great increase in the number of known species and the increasingly 
greater divergence of forms within the groups, each of the original 
groups (Agrion and Caloplteryx) was repeatedly divided and subdivided 
These subdivisions, many of which have now attained subfamily and 
family rank while the original groups have become superfamilies, were 
for the most part well-defined and given supra-generic names before 
1890 and, certainly, before 1910. Thus, during the entire period in 
which group names for the Odonata were developed, almost every au- 
thor who used more than one genus for species of the Zygoptera em 
ployed the name Calopteryx. In view of the practical priority of 
Calopteryx and Agrion in the pre-Tillyardian usage, I interpret the 
“proper” synonymy of the basic family groups in the Zygoptera as 
follows 

AGRIONIDAE 
Agrionida Leach, 1815; 127. Based upon A grion Fabricius, 

Type: Libellula puella Linnaeus, 1758: 546 
Agrionidae Stephen , 1836 
Heteropteroides Selys, 1840 
Agrionides Westwood, 1840 
Agrionines Selys, 1850 
Rhomboides Buchecker, 1876 
Coenagrioninae Kirby, 1890 
Coenagrionidae Karsh, 1894 
Agrionii Acloque, 1897 
Agrioninae Lucas, 1900 
Agrionidos Navas, 1903 
Coenagriidae Tillyard, 1926 

CALOPTERYGIDAE 
Calopterygina Selys, 1850: Based upon Calepleryx Leach, 1815: 137 (emended 
Calopteryx Burmeister, 1839: 825 

Type: Libellula virgo Linnaeus, 1758: 545 
Normopteroide Sely , 1840 
Caloptery gidae Buchecker, 1876 
Agrioninae Kirby, 1890 
Agrionidae Muttowoski, 1910 
Calopterygi! Aclo jue, 1897 
Agriidae Tillyard, 1926 


Professor Bradley has suggested that I request the International 
Commission to recognize the ‘‘practical’”’ (and de facto as well, if we 
may believe Stephens and Hagen that Leach’s genera were known 
from his manuscript and in use as early as 1810) priority of Calopterya 
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over Latreille’s ‘‘selection”’ of Libellula virgo as the “‘tvpe’’ of Agrion, 
and give it de jure status by suspension of the rules. In accordance 
with his suggestions I am submitting a request for action to approve 
all the names which I have shown to be most desirable. This includes 
(1) the suspension of the rules to designate L. puella Linn., as the 
type of Agrion and L. virgo Linn., as the type of Calopteryx, (2) the 
approval of the spellings Calopteryx and Agrionidae, etc., and (3) the 
rejection of Coenagrion, Calapteryx, Calepteryx, Callepteryx, Calli- 
pteryx, Agrionus and Agrium 

I am indebted to a number of pe ople for assistance during the prepa- 
ration of this paper, but especially to Prof. J. Chester Bradley. In 
addition to those named in the text the following read the preliminary 
draft of the paper, corrected errors therein, and/or furnished sugges- 
tions concerning the discussion: C. F. W. Muesebeck and K. V. Krom- 
bein of the Section of Insect Detection and Identification, Entomology 
Research Branch, D. J. Borror of Ohio State University, Mrs. Leonora 
Kk. Gloyd of the Illinois Natural History Survey and B. G. Cummins 
and C. J. Goodnight of Purdue University. Although these sugges- 
tions have been very helpful and have influenced the final form of the 
paper, all the statements, opinions and conclusions herein are those of 


the author unless specifi ally credited to others 
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NOTES ON NORTH AMERICAN MECOPTERA 


GEORGE W. BYERS 
ity of Michigan Museum of Zoology 
Ann Arbor, Michigan 


In arranging the collection of Mecoptera in the University of Michi- 
gan Museum of Zoology, I have come across certain items that seem of 
sufficient interest to be brought to the attention of other students of 
North American Mecoptera. A part of this collection was examined 
by Dr. F. M. Carpenter and used in the preparation of his 1931 ‘“‘Re- 
vision of the Nearctic Mecoptera.”’ It contains the holotype of Panorpa 
submaculosa Carp., the allotypes of P. submaculosa, P. chelata Carp., 
and P. mirabilis Carp., and several paratypes of these three species, 
as well as of P. isolata Carp. and P. longicornis Carp. To this older 
collection have been added a small number of specimens of various 
species, accumulated through the years since 1931, a group of eighty- 
one specimens from various eastern states and provinces, collected 
by Mr. George Steyskal of Detroit, and my collections from five sum- 
mers’ field trips, in 1949-1953. These notes are based primarily 
upon the latter collections. 

This study was undertaken with the aid of a research fellowship 
from the Horace H. Rackham School of Graduate Studies at the Uni- 


versity of Michigan. I wish also to acknowledge the valuable assistance 
given by Prof. T. H. Hubbell in the compilation of ecological data from 
his field notes and in reading the manuscript and offering suggestions. 


ABDOMINAL SEGMENTATION IN FEMALE MECOPTERA 


In preparing the terminal abdominal segments of female Panorpa 
for specific determination (see Carpenter, 1931, p. 219), I have en- 
countered a problem of interpretation of segmentation. It is, for 
example, invariably asserted in the literature on the morphology of 
Panorpidae that the gonopore (external opening of the common ovi- 
duct) and the openings of the spermathecal duct and accessory glands 
are situated within the ninth abdominal segment. <A clear statement 
of this generally accepted interpretation is given by Mrs. Potter (1938, 
pp. 472-475), in her excellent work on the internal morphology of the 
Mecoptera. However, a basic arrangement of the parts of the ter- 
minal abdominal segments of female pterygote insects, illustrated by 
Snodgrass (1935, p. 611, fig. 314A), and the modification of this ar- 
rangement shown by Crampton (1929, p. 497, fig. 4) both indicate 
that the external openings of the female reproductive structures occur 
between the eighth and ninth sternites. Modifications of this basic 
plan, in which the gonopore or all the external openings are carried 
backward into the ninth segment, have been demonstrated in some of 
the higher insects, particularly among those lacking the typical ap- 
pendicular ovipositor. The problem is: has this backward shift taken 
place in the Mecoptera? I here venture to suggest that it has not. 


454 
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My notes in this regard are submitted not as proof of my conclusion 
but merely as support for a possible alternative interpretation to that 
generally held. 

Phylogenetically, the orders of modern insects thought to stand 
nearest the Mecoptera are the Diptera and the Trichoptera, if one 
disregards the fleas, whose relative position is in doubt (see for ex- 
ample, Tillyard— 1935, p. 42, Table II). Although a true appendicular 
ovipositor is not present in the Trichoptera, the genital opening is not 
displaced backward but is located ventrally, between the eighth and 
ninth sternites (Dodson, 1935, p. 383). In the more primitive Diptera 
(Nematocera) the condition is the same. The functional ovipositor in, 
for example, the crane-flies (Tipulidae) is characteristically formed of 
the two blade-like cerci above, and paired but partially fused backward 
extensions of the eighth sternite below. If these elements of the tipulid 
Ovipositor are spread apart, there is exposed a sclerotized median 
structure, formed of the fusion of two blades, of which the apical ends 
are sometimes separated and the basal ends are narrowly joined to 
the ninth tergite (fig. 1, 9-S). This structure is generally conceded 
to be the remnants of the ninth sternite, more specifically of the “‘second 
gonapophyses” (Snodgrass, 1903) or rudimentary dorsal ovipositor 
valves (Crampton, 1929), which are outgrowths of the ninth sternite 
In the membrane below the ninth sternite lies a forked, sclerotized plate 
more or less developed depending upon the species, which is said to 
consist of the fused, rudimentary appendages of the eighth sternite 
(Snodgrass, 1903). The external opening of the spermathecal apparatus 
and accessory glands is situated between these two sclerotized elements 
(fig. 2, sptho). The genital chamber is the space between the ninth 
sternite and the backward extensions of the eighth sternite. The 
gonopore is near the floor of the genital chamber and somewhat an 
terior to the spermathecal opening. 

In the very primitive nematocerous fly Macrochile, found in the 
Oligocene Baltic amber, the tipulid structure is duplicated in its basi 
aspects. Macrochile has a slightly forked ninth sternite, and the ex 
tensions of the eighth sternite are separate to their bases (see Crampton 
1929, figs. 9S and 102 

In Panorpa, one finds nearly the same arrangement as exists in the 
primitive Diptera (fig. 3). Beneath the ninth tergite lies a sclerotized, 
apically forked plate, extending cephalad above the spermathecal duct 
Issiki (1933, p. 321, fig. 2) has termed this the ‘‘distal plate’. Below 
the spermathecal duct and above the gonopore is a second sclerotized 
element, variousiy fused laterally with the distal plate, depending 
upon the species, and developed to varying degrees or absent, again 


depending on the species. This is the ‘‘basal plate’ of Issiki. Atten 


tion is drawn to the similarities of these plates to the ninth sternite 
and the lower forked plate of the primitive Diptera, as well as to the 
relationship of these structures to the spermathecal duct, in each 
example. 

Supposing for a moment that these sclerotized parts directly be 
neath the ninth tergite in Panorpa are the morphological equivalents of 
those in the crane-flies, what is there to suggest that the subgenital 
plate of Panorpa (fig. 3, sgp) is a backward extension of the eighth 
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Panor pa, this plate appears to be a single sclerite, separated 
nous band from the actual eighth sternite. Such a separa- 
1an that in most crane-flies, but the latter 
division clear] In the Tipulidae, the extensions of 
rnite are separated for a considerable part of their length, 
a condition suggested in the completely parted sclerites in Panorpodes, 
primitive Japanese panorpid (Issiki, 1933, p. 322, fig. 3). A similar 
less complete separation occurs in the Japanese Panorpa klugi (re- 
ferred to as P. nipponensis by Potter, 1938, p. 475), in which the two 
halves of the subgenital plate appear to be in contact throughout 
most of their length (Miyaké, p. 284 and plate XXX, fig. 8). 
This separation is scarcel uggested in any of the North American 
pet 1¢ | have examined. 
The current interpretation of segmentation in Panorpa has been 
applied throughout the order Mecoptera. Setty (1940, p. 285) states 
that the lower portion of the ovipositor in Bittacus is composed of ‘‘the 
ternal region of the eighth and ninth segments.’ In dissecting Biltacus 
(Bittacidae), I find the muscles of the so-called ninth sternite enter- 
ing from the eighth. Mr. Snodgrass has informed me that he found the 
muscles of the lower portion of the ovipositor of Boreus (Boreidae) 
also originating in the eighth segment (Snodgrass, unpublished notes). 
In the illustration of the pupa of a female Boreus (Williams, 1916, p. 
47, fig. 1), the lower valves of the ovipositor are clearly shown to be a 
part of the eighth abdominal segment. While the application of these 
findings to the family Panorpidae ma be indirect, I feel that it is justified 
In view of the evidence presented, it seems to me not unreasonable 
to suggest that the portion of the terminalia of female Panorpidae 
called the subgenital plate is a derivative of the eighth sternite, while 
the actual ninth sternite is represented by the forked ‘‘distal plate’, 
above the opening of the spermathecal duct. Furthermore, I would 
propose a similar interpretation for the Bittacidae and the Boreidae, 
as well The forward displacement, in the latter two families, of the 
openings of the spermathecal duct and the accessory glands, so that 
these open upon the dorsal wall of the vagina, or egg canal, is coupled 


with the loss of a sclerotized ninth sternite. The proof of this inter- 
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pretation, of course, will lie in studies of the development of the insects 
or of the musculature of the abdominal segments. 

I have been unable to examine Nannochorista (Nannochoristidae) 
but suspect from illustrations of the external terminalia of this genus 
that it may in the above respects even more resemble the ancestral 
Diptera than does Panorpa 


FEMALE GENITALIA OF PANORPA NUPTIALIS 

In the disk ussion of the Me optera in a recent publication (Grassé, 
1951, p. 79, fig. 93), a figure of the terminal abdominal segments of a 
female Panorpa nuptialis is reproduced from the work of Ferris and 
Rees (1939, p. 106, fig. 49). How the condition illustrated in this 
figure was brought about, I am unable to say; it may have resulted 
from some unusual method of preservation to which the insect reacted 
violently. At any rate, the specimen shown is so distended as to have 
the genital plates projected far backward, stretching the associated 
membranes out of their natural shapes and positions, and obliterating 
the gonopore entirely. That the authors have called the spermathecal 
opening the vulva (which is the external opening of the vagina or genital 
chamber) suggests that they reckon the eggs to be laid through that 
aperture Because of these inaccuracies and the fact that the figure 
does not portray the normal structure of a female panorpid, it seems 
that further reproduction of this figure in the literature might better 
be avoided. The argument by Ferris and Rees that the apparent 
eleventh tergite is in fact formed of the partially fused cercal bases 1s, 
I believe, quite correct. This conclusion was also reached by Miyaké 
(1913, p. 284 and plate XXX, figs. 6 and 7) 


USE OF THE FEMALE GENITAL PLATES IN TAXONOMY 

Carpenter (1931) first used the configuration of the genital plates 
of females of Panorpa as a taxonomic tool. His keys and illustrations 
have made possible the correct identification of many specimens that 
were previously misidentified and, in general, allow for the determina- 
tion to species of all females of the genus However, I believe the 
genital plates are of greater value, taxonomically, than has been real- 
ized. There is individual variation in the shapes of both the basal 
and distal plates; and, due to the extent of such variation, I have some- 
times been uncertain in a final choice between two species. This un- 
certainty results from the fact that the only key to females of North 
American Panorpa ce picts for ea¢ h species a single form of the plates, 
with no indication of the degree or kind of variation to be expected 
Someone having at his disposal fairly large numbers of female Panorpa 
of many species is in a position to make a substantial contribution to 


EXPLANATION OF PLATE II 


Fic. 6. Pupa of Panorpa canadensis, male, restored from cast pupal ski 
left lateral aspect Seale is given at the right of the figure 
Fic. 7 


Scale unknow 


Pupa of Panorpa communis, female, after Brauer, left lateral aspect 


Fic. 8. Rostrum and mouthparts of pupa of Panorpa canadensis, male, an 
terior or dorsal 
Fic. 9 Genital bulb of Panorpa modesta, male, po tero-ventral aspect 


pect 








Annals Entomological Society of America (Vol. 47 


our knowledge of the genus, if he will undertake to analyze these varia 


tions, pointing out those features which are found consistent for a 
pecies and those the variation of which widely overlaps that of other 
pecie Some useful things to know would be (1) the constancy of 
the position of the spermathecal opening relative to the distal plate, 
(2) the length of the spermathecal apodemes extending cephalad of 
the basal plate (3) the variations in sclerotization of associated mem- 
branes, producing wing-like lateral extensions of the plates, and (4) the 
differences in configuration of the posterior margin of the distal plate 
that one might expect to encounter. A good key to the females of 
Panorpa could be written, based almost wholly upon the structure 


of the genital plate 


THE PUPA OF PANORPA CANADENSIS 
A male specimen of Panorpa canadensis, collected by F. M. Gaige 
at Port Austin, Huron Co., Michigan, 6 July 1929, was found to have a 
complete pupal skin attached to the right fore-wing, the tip of which had 
not pulled free of the pupal wing sheath. Ordinarily, I would hesitate 
to make much of a single specimen such as this, but the rarity of pupal 
material of Panorpa in collections prompts me to include an illustra- 
tion and brief description of this skin. The pupa of Panorpa was 
briefly described by Macquart in 1831, and Stein (1838, plate 7, figs 
10-13) first presented an illustration, which is less than an inch in 
height and shows on a ‘‘male’’ pupa a head nearly the same shape as 
that of the adult and terminal structures which almost certainly are 
those of a female. Brauer (1851, plate 16, fig. 6) figured the pupa of 
Panorpa communis in fine detail. He did not indicate the sex of this 
pupa, but again the terminal structures appear to be those of the fe- 
mal Because this figure is not readily accessible, I have reproduced 
it here (fig. 7), in outline, for comparison with the pupa of Panorpa 
canadensis (fig. 6). The life history data furnished by Felt (1896) 
relate only to the larval stages. Nothing appears to be known of 
pupae ol Nearcti species ol Panorpa 
After the wing was clipped, the pupal skin was soaked 1n warm 
ily pliable. It was carefully spread until it 


| 
alcohol until it became read 
assumed something of the shape of the living pupa. Since forcible 
manipulation was avoided, the proportions and position of the body, 


EXPLANATION OF PLATE III 


Fic. 10 Terminal abdominal segments of female Panorpa signifer, showing 
laterotergite adjoining ninth tergite; left lateral aspect. ‘T—tergite 
Fic. 11. Genital plate of Panorpa signifer, ventral aspect 
Fic. 12. Dorsal portion of thorax of Boreus reductus, female, left lateral 
pect PN—pronotum; W ving id 
‘ 13 Terminal abdominal segments of Boreus reductus, female, left lateral 
Terminal abdominal segments of Boreus reductus, mal dorsal 
tyle (dististy removed); T—tergite 
Boreus reductus, m , left lateral a pect The 7 have been 
they lack apparent taxonomic value 
Ninth tergite of Boreus brumalis, male, dor i 
Ninth rgite and related rit ft Boreu unicolo 
B 
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probably very near those of the pupa before emer- 
ketch most subject to error are (1 
ad, where the split for em 
outli f the eye, which 1s 


poor! indicated puy al in. and (¢: the positions oO 


heath wnicn a | artially) to restore to the probable 


original position. ” mbranot nnection between the tibia and 
first tarsal ! ie left metathoracic leg is extended, giving 
the appearance a Sl a | 

Brauer (1863) d ibed ipa of Panorpa communis as being 
with bla \ ut later assuming the coloration of the 
P. canadensis, the coloration is due 
within, for the pupal hull itself is quite 
clerotization of the bristles and rather 

n I ! I mandibular sheaths. 
Hlead The 1 Inf é of the head is the short, broad 
rostrul if van half ngth of its adult counterpart that 
heavy mandibular sheaths, a carry- 
over from larval stag vhile not much longer than the adult man- 


] 


dible are nearly I : wide All the distal elemen of the 


axl] irly defined, is the labium witl 
palp ny ) ri "s figure Immediately distad of the 


egment, the sheath of 


its two-jointed 


al ucceeding thirty-one segments ar 
tinct sristles are di hown on the sketch 

Thorax. The wing aths ¢ firm and nearly tubular for som« 
what more than h 1. Beyond this portion they are mort 
membranous and ke. The proximal and distal parts are separated 
by a constriction. On the empty pupal skin, the wing sheaths extend 
to the fourth abdominal segment. The leg sheaths are flexed to vary- 
ing degrees, particularly at the femorotibial joints, and bear distinct 
por kets for the tibial pin While the tarsal claws of the adult are 
three-toothed, those of the pupa are simple. The prothoracic dorsum 
bears six stout bristles that project over the head. Four more slender 
bristles extend caudad from the posterodorsal surfaces of both the meso 
thorax and the metathorax. Situated between the base of the meso- 
thoracic wi Y heath and the most lateral bristle of the prothorax is the 
first spiracle, a pouch-like structure opening at its posterior side. The 
metathoracic spiracles are concealed. 

{bdomen. Carpenter (198la, p. 53) states that “there is no genital 
bulb in the male” pupa of Panorpa, quite the contrary to what I have 
found. Not only is the genital bulb clearly in evidence, but also thc 
heaths of the various elements of the genitalia are distinct, although 
specific determination does not appear possible from them. It will 
be noted that ) or! haped process ol the sixth abdominal tergite 
of the adult mal rl ' it on th é The pattern of tergal 
bristles 1s as indicat 1 sk ba n is drawn to the ridge 
of short spines on the posterior margins of the first three segments and 
to the absence of any armature on the last five visible tergites Toward 
the posterior part of each pleurite, on segments two through eight 
there 1 a low membranou ] aring three bristles Just an 
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t nt as 


terior to each of these lobes, and on the first segmen 
is an inconspicuous membranous papilla, which I interpret 
spiracle, although I cannot find any opening 

Because there is only this single specimen, it is impossible to say 
which of the characteristics pre sented here are constant for the species 
Compart 


and will eventually be of some value in species recognitior 
son of the illustrations of the pupae of Panorpa communis and of P 
canadensis shows a variety of differences. However, because I be 
t 


< the 


lieve Brauer’s figure to be of a female, it is uncertain which o 
evident differences are due to sexual dimorphism and which are specifi 
differences. 
Brauer, who was skilled in the rearing of inse« 

has some worthwhile advice for those who wish to study the life-history 
of Panorpa (Brauer, 1863). Among his notes are the observation 
that if the soil is too wet, Panorpa larvae will not pupate. As it dri 
to the proper moisture content, pupation will occur, but for the pupa 
to remain alive, some moisture must be maintained in the soil. Th 


day 


ts 1n the laboratory 


duration of the pupal stage, according to Brauer, is fourteen 


DISTRIBUTION AND ECOLOGY 


The geographic distribution of a species may be conveniently in 
dicated by a list of the states and provinces from which it is recorded 
other students of North American Mecoptera have used this method 
Concerning the ecological distribution of the various species, however 
there has been almost nothing published. Using the state records 
from Carpenter’s 1931 Revision of the Nearctic Mecoptera as a basic 
list, I have added subsequently published new state records, in each 
instance noting the author. Following these are my new state records 
(thirty-three in all, with the state names set in boldface type) and 
additional localities or dates for previously recorded states, if these 
seem worthy of mention. Seasonal distribution is indicated only 
by an approximate span of months. The notes on ecology, while 
often meager, are offered for whatever good they may be to future 
collectors. 

Species are listed in alphabetical order, within the genera. While 
within the genus Pan 


this system ignores certain group arrangements 
orpa, I believe it will make the list more readily usuable for the average 
student of the order. Spec ies and states represen l d in the Mi higan 


collection are starred(*) 


Family Meropeidae' 

*“Merope tuber Newman 
Georgia, Maine, New Jersey, North Carolina, and *Pennsylvania 
(Carpenter, 1931. This species is recorded from “ everal 
scattered localities in the eastern states ” including, beside: 
those listed, records for the District of Columbia, Maryland, Virginia, 
and West Virginia noted by Barber, 1904, p. 50 *MICHIGAN: We> 


‘Opinion 140 of the International Commission on Zoological Nomenclature 
1943, states that the family name for Merope Newman 1838 shall be Meropeidace 
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ford Co., at light, 8 September, 1952, A. M. Beeton; Cheboygan Co. 
near the University of Michigan Biological Station, Douglas Lake, 18 
July, 1935, G. C. Wheeler. June-September. The allotype male is 
recorded from Sullivan Co., New Jersey (Carpenter, 1931, p. 208), 
in error. There is no Sullivan Co. in New Jersey, although counties 
with that name occur in adjacent New York and Pennsylvania and in 
New Hampshire Merope tuber has been taken most frequently at 
light. A male in the Michigan collection was captured in a molasses 
trap set in the ground among boulders along a small stream in Lan- 
caster Co., Pennsylvania. The specimen taken by Dr. Wheeler in 
Michigan was found in a rotten log, in hardwoods. In Virginia and 
the District of Columbia, Merope has been found beneath stones 


Family Panorpidae 
‘Brachypanorpa carolinensis (Banks) 


*North Carolina (Carpenter, 1931). Georgia (Carpenter, 1953) 
May-July. Known only from mountainous western North Carolina 
and adjacent northern Georgia, this species occurs in shaded, moist 
hardwood-hemlock forests, above 3000 feet elevation, and well up into 
the zone of red spruce in such localities as the top of Mt. Mitchell (6700 
ft Dr. Carpenter (1953) gives quite detailed observations on the 
natural history of this insect. It should be mentioned that both short- 
winged and longer-winged females are known to occur 


Brachypanorpa montana Carpenter 


Oregon (Carpenter, 1931). July. This species, described on the 
basis of a color difference, was synonymized with the next, at one 
time (Carpenter, 1939). It was recently reinstated (Carpenter, 1953) 
on the basis of a winged female taken near the original type locality 
Carpenter states that ‘“‘there are several reasons for considering this 
female a representative of a species distinct from oregonensis ‘er 
but the reasons are not giver The similarity of this dimorphism 11 
western Brachypanorpa females (compare with oregonensis) to that 
found in B. carolinensis is inescapable 


‘Brachypanorpa oregonensis (MacLachlan) 


*Idaho and Oregon (Carpenter, 1931). Utah (Carpenter, 1939) 
California (Carpenter, 1953) Idaho, Shoshone .. sitter Root 
Spring, Lookout Pass, 17 July 1950, G. W. Byers. April—August 
My Idaho record is for two males swept from very low branches of 
cedar above a rank growth of herbaceous plants alongside a small 
cascading stream, elevation 4800 feet While most records of this 


species are for high elevations, the California specimen was taken 
on the sea coast. The females assigned to this species are very short- 


winged (see Carpenter, 1953, p. 33 and text figure 1, B) 


‘Panorpa acuta Carpenter 


Connecticut, Massachusetts, New Hampshire, New Jersey, New 
York, North Carolina, Pennsylvania, *Tennessee, and West Virginia 
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(Carpenter, 19351) Although the holotype is from Tennessee, ¢ “arpenter 
reports other “first records’ from that state in 1932. Georgia and 
South Carolina (Carpenter, 1936). *ViRGINIA, Giles Co., Mountain 
Lake, 22 June and 1| and 2 July, 1943, J. S. Rogers. May-September 


Most of the habitats known to me are moist, cool, shaded courses of 
small streams, particularly at high elevations 


*‘Panorpa sp., probably P. acuta Carpenter 


*MICHIGAN, Cheboygan Co., ‘‘The Gorge’, University of Michigan 
Biological Station, Douglas Lake, 8 August, 1949, G. W. Byers. This 
single male was swept from lush, low vegetation of a spring-seepage, 
in a cool ravine, shaded by maple and hemlock. The genitalia are 
like those of typical acuta except for the presence of very small lateral 
lobes on the otherwise squarely truncate preépiproct. Wing pattern 
and other details are indistinguishable from Appalachian specimens 
of acuta. 

Panorpa americana Swederus 

Alabama, northern Florida, Georgia, Kentucky (after Hagen), 
Louisiana, New Jersey, and North Carolina (Carpenter, 1931). Miss- 
issippi (Carpenter, 1939). June-October. I have not collected this 
species, and there is no published record of the kind of place wher 
it has been found. Certainly elevation 1s not an important factor 
in its distribution, for the New Augusta, Mississippi, locality is only 
about 100 feet above sea level, while the Yonah Mountain, Georgia, 
record is probably from the vicinity of 3000 feet 

*‘Panorpa anomala Carpenter 

Illinois and Kansas (Carpenter, 1931). Arkansas (Carpenter, 
1936). *“Muissourt, Barry Co., Roaring River State Park, 29 July 
1951, G. W. Byers. May-July. The Missouri record is based on a 
single male taken from rather dried-up herbaceous growth on the side of 
a small ravine, in a woods composed chiefly of oak, hickory, and ash. 


I 


General drouth conditions pre vailed at the tim 
Panorpa banski Him 
New York and South Carolina (Carpenter, 1931) 
Panorpa bifida Carpenter 
Pennsylvania (Carpenter, 1935) July A female collected 12 


miles north of Franklin, Macon Co., North Carolina, has the genital 


plate like that shown for this species (Carpenter, 1935, figure 3), al 
though in other respects it more closely resembles Panorpa elaborata 
This specimen, the Michigan collection, is not recorded as either 
bifida or elaborata at this time 


*‘Panorpa braueri Carpenter 
Arkansas (Carpenter, 1931). *Missourt, Carter Co., Big Spring 
State Park, 16 July, 1953, G. W. Byers. May-July. The Missouri 
specimens were collected in a small patch of jewel-weed (/mpatiens) 
in a shaded swale 
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*Panorpa canadensis Banks 


District of Columbia, Illinois, Indiana, *Michigan, New England 
(states’?), New Jersey, *New Jersey, *New York, *North Carolina, 


*Ohio, *Pennsylvania, *Quebec, Tennessee, *Virginia, and Wisconsin, 
(Carpenter, 1931). *Wrst VirGinta, Tucker Co., Blackwater Falls 
State Park, 6 August, 1952, G. W. Byer Virginia, Giles Co., Mountain 
Lake, 26 July 1939, J. S. Roger June-September. It is evident from 
the wide range and frequent collection of this species that its ecological 
requirements are met in a variety of habitats. Damp swales with 


luxuriant growth of broad-leaved herbs seem to be the most commonly 
recurring characteristic of the habitat of canadenst The type of 
forest cover 1s not a controlling factor. 

Because the shape of the forceps of the male of Panorpa canadensis 
as figured by Carpenter (1931, plate 3) is somewhat misleading, I 
have redrawn the genital bulb of this species (fig. 5). It should also 
be noted when using the key to males of Panorpa provided by Car- 
penter (1931, p. 223) that many males of canadensis have the ventral 

lves of the genitalia plainly curved, with the tips usually crossing 


*‘Panorpa carolinensis Banks 

‘North Carolina and Tennessee (Carpenter, 1931). June-August 
This is a form known only from middle to high elevations within the 
indicated range. It has been taken along shaded rills, particularly 
in the hardwood-hemlock forest, but it may well range up into the 
Zone Ol spruce 

*‘Panorpa chelata Carpenter 

Connecticut, Georgia, Illinois, Maine, Massachusetts, *Michigan, 
New York, and North Carolina (Carpenter, 1931). June-July. While 
nearly as widespread as canadensis, this species appears to be less de- 
pendent upon abundant moisture Mr. Steyskal found chelata in an 
oak woodland with sandy soil, adjacent, however, to a swamp 

Carpenter (1931, p. 251) inadvertently states that the anal horn 

present in the mal this species. There is no anal horn, as cor- 

tly indicated in his key to the males (p. 222). Identification of 
females of chelata may be complicated by the presence of an elongate 
first marginal wing spot, which prevents proper determination by 
Carpenter’s key (1931, p. 225, couplet 4, etc.). A few females in the 
Michigan collection, including a paratype, have this marginal spot 
Couplet 10 of the key referred to, here, may also give trouble, as the 
pterostigmal band may be complete, though slender 


“Panorpa claripennis Him 
Connecticut, *Michigan, New Hampshire, New York, Quebec, and 
Vermont (Carpenter, 1931 Massachusetts and Ohio (Carpenter, 
1932 May-July. In Michigan, this species was found in an oak 
woods, near swampy ground, where there was dense undergrowth of 


dogwood and viburnum 


Panorpa decorata Carpenter 


Pennsylvania (Carpenter, 1931 July 
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Panorpa dissimilis Carpenter 
New Jersey, New York, and Virginia (Carpenter, 1931). Jun 
August 
Panorpa dubitans Carpenter 
Indiana (Carpenter, 1931). July 
Panorpa elaborata Carpenter 


Connecticut, District of Columbia, Maryland, New Jersey, New 
York, North Carolina, Ohio, Pennsylvania, South Carolina, and Vir- 
ginia (Carpenter, 1931). May-September. While I have not col 
lected this species (see note under P. bifida), I have seen some of the 
places from which it is known. These are characterized by shaded, 
moist ravines, in which running water is not always present 


*“Panorpa flexa Carpenter 

*North Carolina (Carpenter, 1935). South Carolina (Carpenter, 
1936). Georgia (Carpenter, 1939). *TENNESSEE, Great Smoky Moun 
tains National Park, Rams« y Cascades, 12 June , 1946, George Steyskal 
May-September. There may well be two annual generations. Pan 
orpa flexa is a species of the mesic woods and forests of middle eleva 
tions in the southern Appalachian region. The Michigan collection 
includes a series of male and femal topotypes (Indian Pass, ¢ iSMNP, 
5266 ft.), taken on 20 June, 1953, by T. H. Hubbell 


Panorpa gracilis Carpenter 
North Carolina (Carpenter, 1931). April-May 


Panorpa immaculata Esben-Petersen 
Mexico (Esben-Petersen, 1921) This Mexican Panorpa may be 
recognized from others in that country by the absence of wing markings 
(except for small stigmal spots) 


Panorpa insolens Carpenter 
Ohio (Carpenter, 1935) May 


Panorpa interrupta Carpenter 
North Carolina (Carpenter, 1931) May—October. The collection 
records indicate a restricted range and two annual peaks of emergence 
of adults 


*Panorpa isolata Carpenter 

*Georgia, North Carolina, South Carolina, and Tennessee (Car- 
penter, 1931). Illinois (Carpenter, 1935). April-September. Several 
of the localities listed by Carpenter are rather densely forested and at 
elevations well above 2000 feet. Such habitats are in contrast to 
the warmer and drier places from which isolata has been recorded, such 
as Stone Mountain, Georgia, and Waukegan, Illinois. A female from 
Morgan Co., Georgia, was taken by I. J. Cantrall in open pine land, 
where the ground cover was sparse and the general conditions not 
indicative of much moisture. Two annual generations are definitely 
suggested, their peaks occurring in June and August 
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*‘Panorpa latipennis Hine 


Connecticut, Massachusetts, Michigan, New Jersey, New York, 
*North Carolina, and Vermont (Carpenter, 1931). A first record for 
Michigan was reported by Carpenter in 1932, although the type lo- 
cality is in that state. Ohio (Carpenter, 1935). Tennessee (Cole 
and Gillespie, 1950 *VIRGINIA, Giles Co., Mountain Lake, 2 July, 
1939 and 20 May, 1946, both J. S. Rogers. May-July. The Virginia 
pecimens were swept from dense growths of herbaceous flowering 
plants and ferns, near running water, in hardwoods, elevation about 
1000 feet 


*Panorpa longicornis Carpenter 


Western North Carolina and eastern *Tennessee (Carpenter, 1931) 
Virginia (Gurney, 1937). May-September, with two peaks of emer- 
gence each year, one in May and the other in August and September 
Like Panorpa carolinensis, this is a species of the upper slopes of the 
Appalachians, occuring in damp hardwood forests, along stream mar- 
gins, in the brushy vegetation around the balds, and probably also 
in the pruce zon 


*‘Panorpa lugubris Swederu 


Alabama, *Florida, *Georgia, North Carolina, and South Carolina 
(Carpenter, 1931). New Mexico (Carpenter, 1935). Florida: Alachua 
Co., 12 May, 1924, J. K. Stewart; Sarasota Co., 3 January, 1925, T. H 
Hubbell. A specimen without locality is dated 11-14 April 19238 
Two annual generations are indicated, with the adults on the wing 
chiefly in the periods September—January and April-May. Most of 
the specimens in the Michigan collection were taken in sandy or clayey 
pine flatwoods, which were in some instances quite dry and in others 
with swampy areas dotting the surface. There are a few records of 
the species occuring along small streams, in one case on leafless shrub 
bery in mid-winter. See comments under Panorpa rufa 


‘Panorpa maculosa Hagen 


Connecticut, Georgia, Massachusetts, New Jersey, New York, 
North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, and 
Virginia (Carpenter, 1931). Utah (Gurney, 1938). *MiIcHIGAN: Huror 
Co., Port Austin, 6 July, 1929, F. M. Gaige; Huron Co., Sand Point, 
3 June, 1922, T. H. Hubbell; Washtenaw Co., Ann Arbor, 8 July, 
1927, N. kK. Bigelow, and 28 June, 1949, U. N. Lanham. May-August 
This species has been swept from tall herbage along a trail through a 
wampy woods of ash, oak, and yellow birch, in Michigan 


Panorpa mexicana Banks 


Mexico (Esben-Petersen, 1921 Recorded only from Mexico, this 
form may be recognized from other Panorpas of that country by the 
presence of a transverse brown pot over the forking of the radial sector 


‘Panorpa mirabilis Carpenter 
*Michigan, New Jersey, New York, and Pennsylvania (Carpenter, 
1931). May-July In Michigan, I have swept mirabilis from the 
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fern-shrub margins of open cat-tail marshes. The species has also 
been taken in wet to swampy woods (elm and red maple near Ann 
Arbor, and at the edge of a dense stand of maple on the Salmon Trout 
River, Huron Mountains, Marquette Co., Michigan. Abundant water 
seems characteristic of the usual habitat of this species 


*‘Panorpa modesta Carpenter 


*Michigan (Carpenter, 1931). This species has heretofore been 
known only from the holotype male. Two additional males wert 
taken in Presque Isle Co., Michigan, at the site of Grace Harbor, 28 
July, 1949, G. W. Byers; also one male near the site of Ricketts, Sullivan 
Co., *PENNSYLVANIA, July, 1952, G. W. Byers, July-August. The 
Michigan specimens were taken in mixed grass and leafy vegetation 
along a small brook, only a few yards from the shore of Lake Huron 
In Pennsylvania, the habitat was the shrubby border of an open bog 
meadow, at an elevation of about 2000 feet 

Details of the genital bulb, based upon these three males, art 
shown in figure 9. 


*‘Panorpa nebulosa Westwood 


Connecticut, Illinois, *Maine, Massachusetts, Michigan, New 
Hampshire, New Jersey, *New York, *North Carolina, Ohio, Ontario, 
*Pennsylvania, South Carolina, Vermont, and *Wisconsin (Carpenter, 
1931). Tennessee (Carpenter, 1939). *GrORGIA, Dawson Co., Ami 
colola Falls, 27 June, 1952, G. W. Byers. *KENTUCKY, Whitley Co., 
Cumberland Falls State Park, 24 June, 1952, G. W. Byers. *QUEBE« 
Frontenac Co., Lake Megantic (about 10 miles north of Oxford Co., 
Maine), 1 August, 1952, George Steyskal. *ViIRGINIA, Giles Co., Moun 
tain Lake, 13 and 26 July, 1939, J. S. Rogers. Wisconsin, Sauk Co 
Devil’s Lake State Park, 5 July, 1950, G. W. Byer May~August 
I have collected this species in rather dry woods (Wisconsin), among 
jewel-weeds and nettles in’ a river flood-plain woods, and in dense, 
broad-leaved herbage along small streams. A number of previous 
collections also suggest that this is a species with a wider range of 
ecological tolerance than most panorpids. In all cases known to me 
specimens were taken in wooded situations 


Panorpa neglecta Carpenter 


Alabama (Carpenter, 1931). Georgia (Carpenter, 1939). August 
September 


‘Parorpa nuptialis Gerstaecker 


“Arkansas, eastern Kansas, Louisiana, Mexico (after 
Petersen), Mississippi (after Hine), Missouri, and eastern *Texa 
Carpenter, 1931). July and September—January. Two generatior 
per year are indicated (see comments under Panorpa rufa), although 
July records are not common. There are some interesting not 
the life history of this species in an article on morphology of the 
by Hetrick (1935) He states that the adult insects wer¢ 
mon around clumps of Bear-grass [Vucca?| in the pastures an 


lands of Louisiana during late October and early Novem! 
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Though their feeding seems to be con- 
I once collected seven adults feeding on a 
One specimen in 


adults feed on dead animal 
fined mostly to dead insect 
lrog that had appare ntly been trampled by a cow.” 
the Michigan collection was taken in a cotton field, in Texas, and an- 
other was collected in an oak-hickory-pine woods, near Little Rock, 
Arkansas. These sample habitats lead me to believe that the moisture 
requirements of Panorpa nuptialis are considerably less than those of 


nost other pecies ol the genu 


Panorpa proximata Carpenter 
Arkansas (Carpenter, 1931 May 


Panorpa punctata Klug 


(Esben-Petersen Small, dark spots in the middles of 


f the wings of thi pecies serve to make it readily identifi 


Mexican panorpid 
Panorpa robusta Carpenter 
South Carolina (Carpenter, 1931). Georgia (Carpenter, 1939) 
May 
*‘Panorpa rufa Gray 
Georgia and North Carolina (Carpenter, 1931 Tennes 
and Gillespie, 1950). *ALABAMA, Conecuh Co., 1.7 miles east of 


Evergreen, 14 November 1938, I. J. Cantrall. *FLoripA, Holmes Co., 


5 miles east of DeFuniak Springs, 14 November, 1938, I. J. Cantrall 
May and October-December, with apparently two generations each 


year The Alabama locality is an oak-pine area, sparsely wooded, 
of rose covering the ground. The Florida 


with grasses and bramble 
turkey oak, and 


habitat is “high pine’’, characterized by longleaf pine, 
grasses on a sandy, well-drained soil 

It is of some interest to note that Panorpa rufa, P. nuptialis, and P. 
a morphologically distinct taxonomic group within 


lugubris, comprising 
biologi al characteristics which set them 


the genus, have also certau 
apart from other North American Panorpas It will be seen that 
each of these species has an extended winter period ot emergence and a 
more restricted spring or summer flight period. Furthermore, the 
moisture requirements of this group appear to be markedly less than 


those of the other species of Panorpa in our fauna 


*Panorpa rufescens Rambur 
Connecticut, *Florida, Georgia, Maryland, Massachusetts, Michi- 
gan, New Hampshire, New Jersey, New York, North Carolina, Penn- 
sylvania, Rhode Island, and Virginia (Carpenter, 1931). April 
October. In the more northern parts of the range, Carpenter points 
out, the period of emergence is from May to September 


*Panorpa sigmoides Carpenter 
*[linois and *Indiana (Carpenter, 1931). Ohio (Carpenter, 1932) 
Mlinois, Carroll Co., Mississippi, Palisades State Park, 7 July, 1951, 
G. W. B *MINNESOTA, Winona Co., near Lewiston, 7 July, 1950, 
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G. W. B May July In the beech maple eln floodplau woods along 
Sugar Creek, at Turkey Run State Park, Parke Co., Indiana, the type 
locality of Panorpa sigmoides, I collected a series of 26 male and 82 
female topotypes In the 1958 season, the adult insects first began Lo 
appear among the jewel-weeds and nettles on 23 May, and a few wer 
still present on 1] July Phe peak of abundance was reached early 1 
the season. Several individuals were kept alive for about three weeks, 
during which time their feeding, copulation, and eggs were observed 
The panorpids consistently ignored living crane-flies offered as food, 
even if the flies were wounded and dying. When a fly had died and 
ceased to move, it was immediately set upon by the panorpids and 
devoured in a few hours. The scorpion-flies at first sucked body 
fluids from a dead insect, consuming more solid parts later. Copulation 
was as described by Carpenter (1931la) for another species, including 
the ball of ‘‘saliva’’ consumed by the female during the proce Eggs 
were placed in masses of 8 to 12, or more, about 6 to 8 mm. beneath the 
soil surface. Younger eggs are pale buff-colored and oblong, while 
older ones are dark buff and nearly spherical. The chorion 1s covered 
by a fine, net-like sculpturing 


*Panorpa signifer Banks 


Massachusetts, *Michigan, Minnesota, New England (states?), 
New York, Nova Scotia, *Ontario, *Pennsylvania, and Wisconsi1 
(Carpenter, 1931). *VirGINIA, Giles Co., Mountain Lake, 10 July, 
1943, J. S. Rogers. May-September. The Virginia specimen is fron 
a cool, mesic woodland, along a small brook, at 4700 feet elevation 
The vegetation of this habitat include rhododendron, hemlock, and 
red maple, with a lush undergrowth of herbage and fern In northert 
Michigan, most of the specimens were taken in swampy areas, the 
typical vegetation of which is recorded as birch-maple-hemlock, or 
yellow birch-hemlock, with luxuriant undergrowth 

The Virginia record is based upon a single female that keys directly 
to signifer at couplet 9 of Carpenter’s key (1931, p. 225) and has a 
genital plate differing only slightly from that figured by Carpenter 
(compare his fig. 54, plate 6, with my figure 11 Also, in this specie: 
as in certain others, notably Panorpa carolinensis and P. mirabilis 
there is a strongly sclerotized “latero-tergite’’ on each side, betweer 
the ninth tergite and the sub-genital plate (fig. 10 These latero 
tergites have a fairly consistent form, within the species, and will 
probably be of taxonomic valu Figure 10 is drawn from the Vir 
ginia specimen of signifer. A careful study should be made of the in 
dividual variation in this species as compared with Panorpa virginica 
[I have been impressed more by their similiarities than by their dif 


ference 
‘Panorpa speciosa Carpenter 


‘Illinois and Minnesota (Carpenter, 1931 *INDIANA, Parke Co 
Turkey Run State Park, 23 May, 1953, G. W. B. May-September 
Two annual generations are suggested. In Indiana, this species 
curred together with P. sigmoides in the shaded jewel-weed 
undergrowth of a rich floodplain wood: 
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Panorpa subfurcata Westwood 
New England (states ’ New Jersey, New York, Nova Scotia, 


Pennsylvania, Quebec, and Wisconsin (the last in error’) (Carpenter, 
1931). May-August 


*‘Panorpa submaculosa Carpenter 

*Michigan and New York (Carpenter, 1931 Ohio (Carpenter, 
1932). Maryland (Carpenter, 1935). Georgia and South Carolina 
(Carpenter, 1936). Utah (Gurney, 1938 *Wisconsin (Carpenter, 
1939 Michigan, Cheboygan Co., Douglas Lake, 31 July, 1935, L. K 
Gloyd. *TENNESSEE, Cumberland Co., Cumberland Mountain State 
Park, 25 June, 1952, G. W. Byers. Wisconsin, Sauk Co., Devil’s Lake 
State Park, 5 July, 1950, G. W. Byers. May-July. I have found 
this species in shaded but not damp situations, places where there 
was no great amount of herbaceous growth. It has also been taken 
in northern Michigan in an open, virgin stand of sugar maple, hemlock, 
and yellow birch, where maple seedlings made up nearly all the under- 
growth 


Panorpa terminata Klug 


Mexico (Esben-Petersen, 1921). Darkened wing tips are the 


recognition characteristic of this species 


*Panorpa venosa Westwood 


Connecticut, Georgia, Illinois, *Indiana, Iowa (after Esben- 
Petersen), Manitoba, Maryland, Massachusetts, *Michigan, Minnesota, 
New Jersey, New York, *North Carolina, Ohio, Pennsylvania, South 
Carolina, Virginia, West Virginia, and Wisconsin (Carpenter, 1931) 
Utah (Gurney, 1937) Tennessee (Carpenter, 1939) *KENTUCKY, 
Laurel Co., London, 17 June, 1946, George Steyskal, May October 
This is a common species in swampy hardwoods in the vicinity of Ann 
Arbor, Michigan. It was also collected from tall herbaceous plants 
along a trail, at 1750 feet elevation, in hardwoods, in North Carolina 
Because the species is so frequently encountered by collectors, I would 
assume that it occurs in a wide variety of habitats, all of which afford 
the necessary conditions of temperature, moisture, etc 


*‘Panorpa virginica Banks 
Arkansas, Connecticut, Georgia, *Michigan, New Jersey, North 
Carolina, South Carolina, Tennessee, and Virginia (Carpenter, 1931) 
Wisconsin (Carpenter, 1935). August-October. There is no informa- 
tion on the ecology of this species available to me Concerning its 
morphology and taxonomy, see the note under Panorpa signifer 


Family Bittacidae 
‘Apterobittacus apterus (MacLachlan) 


*California (Carpenter, 1931). April-July. This species appears 
to be restricted to a small area in central California, in the vicinity of 
San Francisco Bay. In a paper on the morphology of the larva, Apple- 
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garth (1939, p. 109) gives the following notes of ecological importance: 
“The adults are at times very abundant in the spring, being found 1 
the grass. It is possible that there is some correlation between rainta 
and abundance of the species, since in 1938, after a wet winter, they 
were numerous, while in 1939, after a winter of subnormal rainfall, 
adults were scarce and larvae difficult to procure The larvae occur 

in the open, meadow-like fields where they are to be found 
in the sod among the grass roots cam; pupa, formed on 2 April, pro 
duced an adult six days later, under laboratory conditions. A spect 
men in the Michigan collection was taken on 31 July, 1952, climbing 
at night on tall weeds at the edge of a clump of live oaks on a sandy, 
chaparral-covered hillside, Monterey Co., California, by T. H. Hubbell 


1 
1 
li 
I 


*Bittacus apicalis Hagen 

Arkansas (after Hine), *Illinois, *Indiana, *Michigan, New York, 
*North Carolina, Ohio, Virginia (after Hine), and *West Virginia (all 
Carpenter, 1931). *Kentucky and Oklahoma (Setty, 1940). *Tennes 
see (Cole and Gillespie, 1950). West Virginia, McDowell Co., 3 July, 
1952, and Randolph Co., Cheat Mountain, 5 July, 1952, both G. W 
Byers. June-September. In checking my field notes for localities in 
Indiana, Illinois, Kentucky, Michigan, and West Virginia, I find that 
there is an almost constant association of this species with luxuriant 
undergrowth of jewel-weed (J mpatiens), nettle (Laportea), and herbs oc 
curring with these on the rich, organic soil of moist deciduous woods 
Setty (1940, p. 263) reports the occurrence ‘‘in thousands”’ of adult 
Bittacus apicalis, under such conditions, in West Virginia, during the 
last part of June. At the Shades State Park, in Montgomery Co., 
Indiana, I collected several specimens of this species and of Bittacus 
strigosus and B. pilicornis, all within the same habitat and within a 
very small area. It seems that the actual range of apicalis must be 
much more extensive than that indicated by the records noted above 

Five larvae of Bittacus apicalis, representing apparently two late 
instars, were collected on the surface of a growth of the moss Mnium 
punctatum on a shaded, vertical sandstone cliff, Turkey Run State 
Park, Parke Co., Indiana, in late May. Whether these larvae were in 
search of dead individuals among pupae of the crane-flies Tipula and 
Dolichopeza, common in the moss, is not known; but they fed voraciously 
upon dead and injured pupae that were offered as food. When not 
feeding, the larvae were very inactive. Clusters of soil particles on 
certain of the dorsal spines indicated that the larvae had spent part 
of their time in or upon the ground, although they were from two to 
six feet from the nearest soil, when collected 


*Bittacus banksi Esben-lPetersen 
Mexico (Esben-Petersen, 1921). A single male in the Michigan 
collection, taken at Iguala, State of *Guerrero, Mexico, 27—29 October 
1947, by Helmuth Wagner, was identified as belonging to this species 
by Dr. Carpenter, who added, in a letter, that B. banski is known from 
t 


‘“. . numerous specimens from southern Mexico and parts of Central 
America.”’ 
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*Bittacus chlorostigma MacLachlan 


*California (Carpenter, 1931.) I have found no dates of flight period 
recorded for this speci pecimens in the Michigan collection were 
taken in April and May, and lay n others collected in Jun 


The only known range is central and s ern California 


Bittacus mexicanus Klug 


Mexico (Esben-—Petersen, 1921 This large Bittacus is distinguished 
from B. banski by absence of the apical cross-vein, in which respect it 


resembk B. texanus In coloration, it resembles both banski and 


lexanus 


‘Bittacus occidentis Walker 


Alabama, Arizona, Arkansa Canada (provinces ‘alter Hine), 
District of Columbia, linois, Indiana (after Hine), Kansas, Maryland, 
Nebraska, New York, North Carolina, Pennsylvania, Texas, and 
Virginia (Carpenter, 193] South Carolina (Carpenter, 1936 *Ten- 
nessee (Carpenter, 1939 Delaware and *Oklahoma (Setty, 1940) 
Cole and Gillespie (1950) incorrectly report a first record for Tennessee 
June-~November. While I have no specific habitat data for this species, 
[ would conclude, from the known locality records, that it is an in- 
habitant of upland deciduous woodlands, where high moisture content 
of air or soil (and soil cover) is not the rule Four specimens in thi 
Michigan collection were taken at a lighted sheet, Grassy Cove, Cum- 
berland Co., Tennessee, 10 July, 1922, by T. H. Hubbell. Setty 
(1940, p. 263) also has noted the positive phototropism of this species 
In a letter to me, Dr. Setty added that he had seen numerous adult 
Bittacus occidentis on the walls and windows of drugstores, service 
stations, and the like, where lights had been left burning all night 
The insects were seen particularly in the early morning hours, shortly 
after sunrise, in Kansas City, Missouri, and Kansas City, Kansas, in 
late August and early September 


‘Bittacus pilicornis Westwood 


Canada (provinces’—after Hine), *Georgia, Illinois, *Indiana, Kan- 
sas, Maryland, Michigan (after Hine), New Hampshire, New Jersey, 
New York, *North Carolina, *Ohio, *Pennsylvania, and *Virginia 
(Carpenter, 1931) Massachusetts (Carpenter, 1932) *West Vir- 
ginia (Setty, 1940) *Tennessee (Cole and Gillespie, 1950) *MIss 
our!I, Carter Co., Big Spring State Park, 16 July, 1953, G. W. B 
*WiIscoNnsIN, Sauk Co., Devil’s Lake State Park, 5 July, 1950, G. W 
Byers. Indiana: Montgomery Co., Shades State Park, 28 June, 
1950, G. W. Byers; Owen Co., McCormick’s Creek State Park, 19 June, 
1951, G. W. Byers; Tippecanoe Co., near Lafayette, 24 June, 1951, G 
W. Byer Ohio, Highland Co., 18 June, 1946, George Steyskal 
Pennsylvania. Bedford Co., near Rainsburg, 8 July, 1952, G. W. Byers 
West Virginia, Preston Co., Cathedral State Forest, 5 August, 1952, G 
W. Byers. Virginia, Wise Co., near Appalachia, 2 July, 1952, G. W 
syers. May-August. With the exception of the Wisconsin record, 
all my specimens were taken in damp, cool woods, usually In deep 
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shade, and in most instances associated with abundant growth of 
herbage. In Wisconsin, the woods were, I believe, unseasonably dry 
but shady and with some undergrowth 


*Bittacus punctiger Westwood 

District of Columbia, *Georgia, Illinois (after Esben-Petersen 
North Carolina, Texas (after Esben-Petersen), and Virginia (all C 
penter, 1931 *Florida (Carpenter, 1935 Maryland and 
Virginia (Setty, 1940) Tennessee (Cole and Gillespie, 1950 
Alachua Co., Gainesville, 13 September, 1928, T. H. Hubbel 
March, 1927, E. T. Boardman. March-September. North of FI 
the records are all for May-August. This is a species of the moi 
shaded und rgrowth of woods and has been taken Loge ther with Bitlacus 
pilicornis and B. strigosus (Setty, 1940, p. 263). It does not appear to 
be abundant in any of its known habitats 


*Bittacus stigmaterus Say 


Connecticut, District of Columbia, Georgia, Illinois, Kansas, Mary 
land, *Missouri (after Hine), New York, *North Carolina, Ohio, and 
Virginia (Carpenter, 1931). South Carolina (Carpenter, 1936). Iowa 
Louisiana, and Oklahoma (Setty, 1940). *INDIANA, Parke Co., Turkey 
Run State Park, 11 July, 1953, G. W. Byers. *MIcHIGAN, ‘Vashtenaw 
Co., Ann Arbor, 23 July, 1927, N. K. Bigelow, and 2, August 1949, U. N 
Lanham. *NEBRASKA, Otoe Co., Arbor Lodge State Park, 27 Jul) 
1951, G. W. B.  *TENNESSEE: Cumberland Co., Grassy Cove, 9 Jul 
1922, T. H. Hubbell; Hamilton Co., Chattanooga, 5 July, 1922 
Hubbell: and Great Smoky Mountains National Park, Ramsey 
Trail, 14 August, 1947, R. R. Dreisbach. Missouri, Carter Co., 
Spring State Park, 16 July, 1953, and Shannon Co., Round Spring 
July, 1958, both G. W. Byers. North Carolina, Haywood Co., Crest 
mont, 25 July, 1922, T. H. Hubbel April-September. This specie: 
has been taken 1n shaded swales at lower elevations and in the under 
growth of mountain forests. Its chief requirements, therefore, seem 
to be reduced temperatures and relatively high moisture content of 
its habitat, as compared with the surrounding region. I would ex 
pect Bittacus stigmaterus in many states other than those listed, in 
general throughout the area east of the Great Plain 


‘Bittacus strigosus Hagen 


Arkansas (after Hine), Connecticut, District of Columbia, *Ilinoi 
*Kkansas, Maryland, Massachusetts, *Michigan, Minnesota, * Missouri 
(after Hine), New Hampshire, New Jersey, *New York, Ohio, Pennsy] 
vania, Quebec, Vermont, and *Virginia (Carpenter, 1931 North 
Carolina (Carpenter, 1932). South Carolina (Carpenter, 1936 
Tennessee (Carpenter, 1939). Iowa, *Kentucky, *Oklahoma, ar 
*West Virginia (Setty, 1940) Cole and Gillespie (1950) also clain 
a first record for Tennessee *INDIANA, Montgomery Co., Shade 
State Park, 28 June, 1950, and Parke Co., Turkey Run State Park, 10 
and 11 July, 1953, both G. W. Byers. *NEBRASKA, Otoe Co., Arbor 
Lodge State Park and 5 miles south of Nebraska City, both 27 July 
1951, G. W. Byers. *Noxtu Dakota, Grand Forks Co., Grand Fork 


| 
( 


1 
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1S July, 1949, P. I annowski, and Turtl 1V > Park, I 
1950, G. W. Byers and Ramsey Co., 9 Aug 1951, P. B. Kann 
Kentucky, Franklin Co ir Frank 23 June, 1952 
Missouri. Carter Co., Big Spring State Park, 16 July, 1953, G. W 
Virginia, Washington Co., 3 miles north of Holston, 2 July, 1952, G. 


Byer May-August. All the habitats known to me are cool, damp, 
1 
| 


and wel] hac 


led, with a more or less abundant growth of such weeds 
| ind JOQWE l-weed In the Garnett Prairie of Rogers and Tulsa 
northeastern Oklahoma, the species occurs in shallow ravine 
ugar maple, chinquapin oak, American elm, and black 
vith an undergrowth of such plants as columbine, Solomon’s 
d Arisaema. These observations, together with the known 
distribution, suggest that strigosus may occur in damp woodlands 
rather generally throughout temperate eastern North America. It 1: 
found together with Bittacus pilicornis and B. apicalis and 1s 
frequently seen in great numbers, locally 
Specimens in the Michigan collection suggest that there may be 
two races of Bitlacus strigosus. Carpenter (1931, p. 266) states that 
‘the wing membrane is colorless’’, which is true of the eastern speci- 
nen However, our Oklahoma strigosus not only have definitely 
amber-tinged wings, but also show a tendency to lack the dark bands 
along the cross-veins, which are characteristic of eastern specimens 
Individuals collected in Kansas and Nebraska show the darkened 
cross-veins on strongly yellowish wing membranes, while North Dakota 


pecimens are more like the eastern form, having only a faint tinge 


' 


of yellow in the wing Kentucky insects have the typical clear mem- 
brane and banded cross-veins, and those from Missouri most nearly 
resemble North Dakota specimen I can find ne 


» morphological 
differences correlated with those of coloration. Material from more 
localits must be examined before it can be said definitely that ther 
are or are not two geographi races involved 


*Bittacus texanus Banks 


Florida and Texas (Carpenter, 1931). *KANsAs, Douglas Co., Law- 
rence, at light, 27 July, 1951, G. W. B. *Nrew Mexico, Valencia Co., 
El Moro National Monument, 9 September, 1935, T. H. Hubbell 
May-October. Apparently a species not requiring a great amount of 
shade or moisture, lexanus was collected in New Mexico, at 7200 feet 
elevation, on the sandy plain at the foot of Inscription Rock, where the 
vegetation consisted of grama grass and a scattering ol purple sage, 
growing in full sunlight. These conditions are very different from 
those found in the vicinity of Lawrence, Kansas; but most of the few 
records of this species are for the drier areas, especially south central 
Texa The peak of emergence or one of two peaks, comes in September 


Family Boreidae 


Boreus borealis Banks 


<a (Carpenter, 1931). May-August. The only known lo- 
cality is St. Paul Island, in the Pribilof group 
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*‘Boreus brumalis Fitch 
*Massachusetts, *Michigan, and 


1935 Tennessee (C 
ollected on the 


District of Columbia, New York 
arpenter, 


(Carpenter, 1931 Ohio (Carpenter, 

1939 November—March Most adult Boreus are « 
snow, particularly on days when the 
or not far below freezing. Boreus brumalis, 
in North America, has been taken particularly in de 
ciduous woodlands, although there is a record for 4000 feet in the 
Great Smoky Mountains National Park, which is well within the zone 


r\ worthwhile note 


of spruce in that area. Williams (1916) gives ver 
They were found (in the 


the ecology of the immature 
cells in the earth, in or just below the matted rootlets 
In my experience uch MOss¢ 
although man. 
higan tate 1 
has told me of seeing this insect fairly 


numerous on patches of Sphagnum sp. along streams of the northern 

peninsula of Michigan, in late February and early March, a 

Specimens in the Michigan collection were 
| 


12 March, along Hunt Creek, Mont 


ALOT 


just above 
] ] 
most commoniyv col 


( 
temperature tand 


lec ted species 


‘ 


ages 


bases of oak tree 
likely species of Anomodon or Dicranella, 


Dr J W. Leonard, of the Mi 


others are possible 


partment of Conservation, 


lower 

the snow was melting 

taken by Dr. Leonard on 7 and 
morency Co., Michigan 

Boreus californicus Packard 

California, Oregon, and Washington (after Hine) (Carpent 

December February. 
Boreus californicus fuscus Carpenter 


Alberta and British Columbia (Carpenter, 1931, as B. californicus 


Montana (Carpenter, 1935). November-—February 


Boreus elegans Carpenter: 


British Columbia (Carpenter, 1935 December 


Boreus gracilis Carpenter 


Alaska (Lloyd, 1934, as B. unicolor) (Carpenter. 1935). April 


Boreus intermedius LLoyd 
Alaska (Lloyd, 1934). April 


Boreus isolatus Carpenter 


Montana (Carpenter, 1935). January 


Boreus nivoriundus [itch 

and New York (Carpenter, 1931 
(Carpenter 1939 December—Febru 
ften found asso« lated, 
ts at lower 


Maine, Massachusetts Ohio 


(Carpenter, 1935 Tennessee 


Boreus brumalis, with which it is o 
collected both in the deciduous fore 


1000 feet in the mountains of eastern Ten 


ary Like 
this spe ies has been 
elevations, and as high as 


ScePP 
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Boreus nix Carpenter 
r, 1935 November 


Boreus pilosus Carpenter 


Columbia (Carpenter, 1935 December 
Boreus reductus Carpenter 
r, 1933). *Montana (Carpenter, 1935 

December-February veral specimens of this interesting species 
were coll l an ent me by Dr John A Chapman of Montana 
State University There are two males and four females, including 
one mating pair, taken on snow near Missoula, Missoula Co., Montana, 
on 6 February, 1953; one male from Missoula, on 11 February; and 
one female collected at 3800 feet, on snow, near Lolo, Missoula Co., 
on 14 February, 1953. The females have very greatly reduced wing 
pads, the fore wings being slightly longer than the hind wings and 
extending approximately to the bases of the latter, in some instances 
barely overlapping them (fig. 12) (compare Carpenter, 1933). Other 
details of this species are illustrated in figures 13, 14 and 15 


“Boreus unicolor Hine 

*Montana and Nevada (Carpenter, 193] Wyoming (Carpenter, 
1935 November-April. Dr. Chapman has sent sixty-four males and 
fifty-seven females, including six mating pairs, of this supposedly un- 
common species, collected on snow 1n Missoula Co., Montana, on 6 
and 11 February, 13 March, and 6 April, 1953. Certain of the mating 
pairs were still joined after preservation in alcohol. These were ar- 
ranged with the female above the male, as pictured for Boreus brumalis 
by Coopr r (1940, p 364, fig. 9) and Crampton (1940, p (Zi. fig 1) 
Separation of these joined pairs reveals two things of morphological 
interest: (1) that the tips of the lower valves of the ovipositor of the 
female are bent across one another at nearly right angles beneath the 
point at which they are pressed by the male’s forceps against his ninth 
tergite, thereby providing additional strength to the coupling arrange- 
ment as described by Steiner (1937); and (2) that the ejaculatory duct 
of the male is eversible to the extent of forming a firm, evenly-tapering, 
lanceolate intromittent crgan of a length fully equal to that of the 
fore wing 

Boreus sp 

*CoOLORADO, Boulder Co., various localities and dates. This is an 
undescribed species, superficially resembling Boreus unicolor but dif- 
fering in details of male genitalia (see below, Taxonomy of Boreus 
and other characteristics The de scription will appear in another paper 


TAXONOMY OF THE GENUS Boreus 


Carpenter (1931, p. 270) concludes that, in taxonomy, the mal 
genitalia of Boreus are “‘ useless because they are constant in all 
our species.’" While I have examined only four different species, I 
find that, at least for these four, the genitalia of the males possess 


consistent and taxonomically useful differences In dorsal aspect, the 
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ninth tergite of males of Boreus reductus shows two lateral surfaces 
thickly set with blunt spines, and a fairly acute, backward-projecting 
process separating the sockets which receive the tips of the distyles, or 
forceps (fig. 14). The ninth tergite of Boreus brumalis is shorter thar 
that of reductus, bears fewer spines, has a less prominent median process, 
has the lateral plates or lobes in contact at the midline (fig. 16). There 
is also, in brumalis, a moderately raised transverse crest above the 
sockets for the dististyle tips. When the ninth tergite is seen in lateral 
profile, such a crest is scarcely evident in B. reductus (fig. 15), while 
it is conspicuously developed in Boreus unicolor (fig. 17 Such dif 
ferences seem worthy of further study in all species of this genus 

Examination of the Montana series of females of Boreus unicolor 
indicates that identification of species based upon the relative lengths 
of ovipositor and rostrum is not always reliable 
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THE AMERICAN SPECIES OF THE GENUS 
DICTYA MEIGEN 


(Diptera, Sciomyzidae) 


GEORGE C. STEYSKAL 


Gros e Ile » 4 


Until Curran (1932) published his review of the American speci 
of Dictya, with seven species, the genus had been universally considered 
to include but one species, umbrarum (Linnaeus), widely distributed 
in both the palaearctic and nearctic regions. Only Loew in describing 
Tetanocera pictipes in 1859 had even a suspicion that more than one 
species existed. Even he stated (as translated in Monogr. No. Amer 
Dipt. 1:112, 1862): “A series of specimens enables me to compare 
this species with the closely allied European Vet. umbrarum Linn 
The resemblance of both is so great that I cannot but suspect that they 
are identical. No difference of structure existing between them, the 
larger size and browner color of Tel. pictipes alone afford a constant 
distinguishing character. Future observations will perhaps enable us 
to decide whether Tet. pictipes is merely a climatic variety of Tet 
umbrarum or a different species.”” And Osten-Sacken in a footnote to 
Loew’s remarks was still puzzled when he examined North American 
material which agreed in size and color with European specimen: 
Cresson (1920) stated: ‘On comparing our material with some speci 
mens from Europe, I cannot detect any differential characters of 
specific or even varietal importance.” 

Nobody in the palaearctic region has thus far given any hint that 
more than one sper ies occurs there Only one other name, one con 
sidered to be a synonym of umbrarum, Pherbina paludosa Robineau 
Desvoidy, may be available if other species are found there, as I believe 
they will be on the basis of the evidence cited below under D. umbrarum 

As may be gathered from these circumstances, the species of Dictya 
apart from the new abnormis group, are indeed extremely similar in 
general external characters. Almost the only distinguishing chara 
ters are to be found in the terminalia of the mal In only 13 specie: 
out of 22 have the females been satisfactorily associated with the 
males, but from the facts available, the female terminalia will probably 
also eventually provide a means of separating all of the speci 

The rather meager data at hand would seem to indicate that 
genus is similar to more morphologically differentiated on 
geographical and ecological way 
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CHECKLIST OF THE KNOWN SPECIES OF DICTYA 


1h/normis Group D. hudsonica, n. sp 
1. D. abnormis, 1 , 2. D. incisa Curran 
2. LD. guatemalana, n. s} : 3. D. laurentiana, n. sp 
4. D. imsularis, n. sp ' D. lobifera Curran 
fyarion Group 5. D. mexicana, n. sp 
4. D. ptyarion, n. sp ; ). D. montana, n. sp 
pical Group D. pictipes (Loew 
5. D. atlantica, n ' D. sabroskyi Steyskal 
D. horealis Currat , Y DPD. stricta Steyskal 
D. brimleyi, n , : D. texensis Curran 
D. expansa Steyskal : D. umbrarum 
D. floridensi ' (Linnaeu palaearctic 
D. gaigei Ste ‘ 1g 22. D. umbroides Curran og 


THE MALE TERMINALIA 


In order to settle upon satisfactory terms with which to designate 
the parts used taxonomically, I have attempted to correlate the recent 
work of Snodgrass (1938), Crampton (1942), Hennig (1936, 1938, 1939, 
1941) and Séguy (1934). Labeled figures with the parts designated 
with the abbreviations cited below are given as Figures 1 and 3. 

Aedeagus (AE), phallosome (Snodgrass), aedeagus, phallus (Cramp- 
ton), aedeagus (Hennig), pénis (Séguy).—The aedeagus is soft and 
difficult to extend properly; it normally les forward between the 
anterior “‘wings’’ of the hypandrium, but in figures 1, 3, 11, and 16c, 
it is shown in the position which it likely assumes in copulation. It 
hows specific differences, but no attempt has been made to use the 
characters 

Hypandrium (HY), male subgenital plate (Snodgrass), 9th sternite, 
hypandrium (Crampton), Gabelplatte, Ringplatte (Hennig), sternite 
génitale (Séguy).—In the Sciomyzidae and related families the hy- 
pandrium is developed as a more or less complete ring of sclerotized 
tissue around the base of the aedeagus. It bears processes which may 
or may not be homologous with anterior and posterior gonapophyses. 

Pregonite (PRG), Postgonite (POG) (Crampton), Fortsatze, Gona- 
pophysen (Hennig), gonapophyse antérieure et postérieure (Séguy), 
anterior clasper (Curran 1932, Steyskal 1938).—In Dictya the anterior 
pair ol the above-mentioned processes of the hypandrium is well de- 
veloped as an integral part of the ring and the posterior pair is more 
or less flat, articulated, and seta-bearing. I am adopting Crampton’s 
provisional terms in referring to them. The pregonite is apparently 
the most diagnostic of all the parts of the terminalia. It bears a thin 
hyaline strip of membrane along a large part of its anterior edge. In 


some species the pregonite is a simple, cylindrical or blade-like process 
with or without a terminal point which may be more or less curved 
forward, while in other species a preterminal lobe is developed 
Surstylus (SS) (Crampton), Dististylus, Gonopode (Hennig), 
forceps externe (Séguy), posterior clasper (Curran 1932, Steyskal 
1O38) The surstvli are attached laterally to the inner wall of the 
hypopygium (ninth tergite) and, apparently due to their extensive 


development, have basal extensions connected to each other poster- 
iorly for support (cf. fig. 16b). The surstyli, if indeed such they are 
in Dictya represent probably their extreme development in_ the 
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Sciomyzidae and are largely exposed even when the terminalia are 
retracted. They present specific differences in shape and vestiture 
and are therefore figured for every species. 

Ventral Process of Hypopygium (VPH), process of ninth tergit 
(Crampton), ventraler Fortsatze des Hypopygiums (Hennig), outer 
forceps (Curran 1932, Steyskal 1938).—The ventral margin of the 
hypopygium is variously developed into processes and folds character 


istic of the various species 

Accessory Lobe (AL).—A thin, pale-colored lobe which bears long 
hairs and which appears to be attached to the surstyli near their point 
of attachment to the hypopygium has been observed in a similar 
form in all species. This lobe may represent a rudiment of the second, 
anterior ‘‘clasper’’ found in the subfamily Sciomyzinae 

The structures posterior to the ninth somite, variously designated 
as cerci, para-anal lobes, etc., in Dictya are soft and simple, bear long 
hairs, and are transversely depressed adjacent to the dorsal tip of the 
surstyli. No attempt has been made to use them taxonomically. 


THE FEMALE TERMINALIA 


1 


Curran (1932) used the eighth sternite of the female and figured 
that part for six species: D. umbrarum, D. umbroides, D. pictipes, 
D. texensis, D. lobifera, and D. borealis. In my descriptions of D. gatget 
and D. sabroskyi, I figured the eighth sternite of those species from dry 
material It has since become evident that more than the characters 
of the eighth sternite is necessary to distinguish the species Both 
the seventh and the ninth sternites also exhibit valuable characters, 
and the sixth sternite, the tenth somite, and the cerci show some 
differences as well. It is necessary to clear the female terminalia in 
order to examine them properly. I have figured the ventral side of 
the female abdomen from the seventh sternite to the posterior end for 
all species in which I have been able to associate the sexes with some 
degree of assurance 

The seventh sternite presents little variety on the posterior Margin, 
but its anterior margin is usually tripartite to some degree. It is 
rather closely associated or even definitely fused with the eighth 
sternite The conformation cannot be discerned in undissected 
material 

The ninth sternite bears along its anterior margin, which is usually 
deeply sunken, various sclerotic developments which are also specifica] 
ly characteristic These have also been figured Irom a posteroventral 
view, that is, looking somewhat from behind and upward toward the 
opening of the oviduct (cf. fig. 3a. view A) 


NOTES ON TECHNIOUE 


I have made a practice of removing the distal part of the abdomen, 
digesting it in boiling caustic soda solution, and making drawings of 
the parts while they were immersed in water. I use a 50 milliliter 
pyrex beaker containing approximately 10 ml. of water and enough 
household lye (flaked) to cover a dime (18 mm. dia. dis I drop in 
the specimen and bring the solution to a beil over a flame, allowing it 
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to boil for 30 to 60 second Muscular tissue is then dissolved, but 
thin membranes are still inta Female terminalia with eggs seem to 
require the longest time 

I then remove the parts, immerse them in boiled water under the 
microscope, expand and maneuver them with pins, and make any 
necessary drawings with the aid of a reticle in the ocular.’ 

It is usually necessary to insert a blunt pin into tl the 
abdomen of the female to push the somites apart 


The parts are then preserved in a drop of glycerine in a 4x 10 mm 


microvial pinned by its cork to the pin carrying the remainder of the 
specimen. The parts may removed at any time in a pliant con- 
dition for examination in wi 

In dealing with dried material, specimens may be relaxed and 
enough extension of the male hypopygium is often possible to enable 
determination, but the above procedure is desirabl It is highly 
advisable when preparing fresh material to extend the male termin 
alia after the specimen has been pinned and to hold them extended 
with additional pins on a piece of pinning material while the specimen 
is drying. Determination may then be made without further treat- 


ment 


rAXONOMY 


Genus Dictya Meigen 


Dictya Meigen, 1803, Illiger’s Mag. 2:277, two species, Musca cucularia and Musca 
umbrarum Fabr.?, Melander, 1920, Ann. Entom. Soc. Amer. 13:322; Curran, 
; T 


1932, Amer. Mu Novitates 517:1; Séguy, 1934, Faune de France 28:28] 
Ste kal, 1988, Occa Pap. Mu Zool. Univ. Michigan 386:7; Sack, 1939 
Linder, Die Flieger d pal Region tase 37:55: Verbeke 1948 Bull. Mu 
Hist. Nat. Belg. 24:23 

Vonochaelo phora Hendel, 1900, Verhandl. Zool.—bot. Ge Wien 1: 355, type b 
monotyp Vusca umbrarum L no ibr.); Hendel, 1902, Abhandl. Zool 
bot. Ge Wien 2: 19; Cresson, 1920 ! Amer. Entom. Soc. 46:69; Hendel, 

1923, Konowia 2: 210 
The genus is a member of the subfamily Tetanocerinae, as evinced 
by its lack of a propleural bristle and by th development of but a 
ingle pair of appendages (dististyles, surstyli) attached to the lower 
or inner margin of the hypopygium in the male The segmentation 


See my note in E n. News 67:137-139 (1950 
Hendel erectior f Hledroneura 1902, Wien. Enton Ztg. 10:265) for Musca 


cucularia seems sufficient ¢ Musca umbrarum as generitype of Dictya by 


ti iccordance witl pin 6 on the Rule 
quotatior vill, in my opinior how that Hendel 
r of the law ra too strictly in erecting Mono haetophora 
of Dictya does 1 y with Musca cucularia (either Li 
1920, p. 70 t vill 
de 1 I but tl 1 briciu will no 
clusion i t Meigen di his genus on VM. umbrarum Lit 
fortunately crediting it u 
Hendel, 1900, p.329, { o kénnte auch hiefur mit ¢ 
Namen Dictya Meig. a hmen, welcher von dem Autor unter 
Vusca umbrarum Lin. in lig. Mag. II, p.277 (1803) aufgestellt und dan: 
verworten wure m gebuhrte da Vorrecit vo; den glei | 
anderer Autoren, v Fabr., Latr., Rob.-De 


umbrarum I 


‘ 
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of the abdomen is quite symmetrical, the compound tergite (fig. 1 
bearing the sixth and seventh spiracles being similarly formed on thi 
right and left sides, and the sixth sternite (fig. 2) being developed as a 
band of lightly scierotized tissue narrowly) connected at each side to 
the compound tergite. The fifth sternite, with a pair of densely 
chaetose pads, is similarly developed in all species of the typical grouy 
(cf. fig. 2). The aedeagus is asymmetrical apically 

The genus is further distinguished by the following characters 
Vallar bristles absent, but one or more bristles and hairs are present on 
a ridge ventrad and posterad of the vallar ridge (a ridge immediately 


ventrad of the articulation of the wing); ocellar bristles well developed 


four scutellar bristles present; hind tibiae with only one preapical dorsal 
| long as third segment; 


bristle; second antennal segment at least half as 
arista with black hairs; mesopleura and pteropleura each with a strong 
bristle; only one strong fronto-orbital bristle presnet; face with black 
central dot; wings with all-over brown reticulation and milky spots, 


posterior crossvein not stror gly bisinuat 


KEY TO THE AMERICAN SPECIES OF DICTYA 
(based upon males) 

Second antennal segment shining on outer upper half or more, longer 
than high; large, deep black parafrontal spots present; surstyli of 
aberrant shape abnormis group 
(D. abnormis, D. guatemalana, D. insularts cf. description 
figures) 

Second antennal segment wholly pruinose, not longer tl 
parafrontal spots small or lacking 


Terminalia in retracted condition well covered b elongated, coop 
like sternite: surstyli of aberrant sl (figs. 10, 11) ptyarion 


Terminalia with a ist tit well rated 

ternite 
Surstyli with dor 

bri tle 
Pregonite with well de preterminal lobe (fig. 27) pictipes 
Pregonite with no more than’ minute terminal point (fig. 16) borealis 
Surstyli with bristles of yrsal ti hort, dorsally directed 
Pregonite with preterminal | 


il tip angt » strong] projecting; pregonite 


expo ed: 


tiff 


Surstyli with dor 


hort and strongly ll pretermin ] point (fig. 26) 


incisa 
surstyli with dorsal tip more rounded and projecting; pregonite 
otherwise 
Pregonite truncate 
in anterior view 
Pregonite with acute tip 
Pregonite with broad flat anteroay 
pygium with posterior lobe broad and flat 
Pregonite without circummarginate anteroapi 


thin 
sabroskyi 


expansa 


Pregonite witl eT mall preterminal lobe, long and d from 
both lateral and anterior views; VPH wit nterior lobe near! 
is | as posterior lobe (fig. 18) floridensis 

Pregonite with longer preterminal lobe; VPH with anterior lobe short 
or lacking 

Apex of pregonite narrow in at 
directed anteriorly 

Prosternum with hairs; pregonite ck (fig. 
20) hudsonica 


terior the inal lobe 


20 (19) Prosternum bare 
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Pregonite with short preterminal lobe, distance from tip of preterminal 
lobe to apex of pregonite much less than half length of pregonite, 
interior margin of pregonite on loping (fig. 19) lobifera 

Pregonite with long preterminal lobe, distance from tip of preterminal 
lobe to apex of pregonite at least half length of pregonite, anterior 
margin of pregonite with hump basad of preterminal lobe (fig. 23) 

stricta 

Tip of pregonite in anterior view broad, the preterminal lobe directed 
more or less laterally; prosternum bare 

Pregonite in lateral view angularly emarginate basad of preterminal 

with low swelling at some distance basad 

1 with projecting posterior lobe (fig. 28) 

mexicana 

Pregonite in lateral view with evenly arcuate sinus basad of pre 
terminal lobe, in anterior view with angular hump 
preterminal lobe VPH wit} posterior lobe er hort 


lobe, in anterior 


of preterminal lobe; VPI 


atlantica 

Pregonite simply tapering to tip, which may be somewhat recurved 
and there may be a narrow anterior flange which never project 
to form a lobe 

Base of pregonite with emargination anteriorly; pregonite slender and 
traight, with sharply pointed recurved tip (fig. 17) brimleyi 

Pregonite without basal emargination anteriorly 

Surstyli with strongly S-shaped lateral line and with dorsal tip pro 
jecting but little 

Pregonite somewhat curved forward, with a least a narrow, thin, 
anterior lamina; dorsal tip of surstyli somewhat angulate, apex of 
urstyli hyperbolic (fig. 25) texensis 

Pregonite straight, without lamina; surstyli with dorsal tip and apex 
rounded (figs. 30, 31) gaigei 

Surstyli with dorsal tip well projecting, often angulate; lateral line 
not strongly S-shaped 

Pregonite strongly bent forward, with narrow anterior flange; pros 
ternum always with at least a few hairs; size small, length of wing 
4.0 to 4.7 mm. (fig. 24) umbroides 

Pregonite without anterior flange, usually not strongly bent forward; 
prosternum (except in far northern D. laurentiana) bare; size 
larger, length of wing 4.2 to 5.8 mm 

Pregonite thick, with con picuou hook at tip, 1n anterior view well 
inclined mesad: VPH with pos terior lobe well developed and pro 
jecting; prosternum frequently with a few hairs in far northern 
pecimens (figs. 3, 29) laurentiana 

Pregonite le robust, with smaller hook at tip, in anterior view more 
or less parallel to opposite pregonite; VPH with very small and short 
posterior lobe; prosternum bare (fig 1, 32, 33) nontana 


EXPLANATION OF PLATE I 


Fic. 1. Dictya montana, 1 p., Paradise Cove, Calif. ° abdomen of 
male, sinistral view, ventral side uppermost. A—apex of rsty ; AE—aedea 
gus; AL—accessory lobe; DT—dorsal tip of surstylus; HY—hypandrium; POG 
postgonite PRG pregonite; SS urstylus VPH ventral proce ot hypo 
pygium 5T—fifth tergite; 9T—nintl rpit hypopygium Vestiture of ter 
gites, cerci, and surstyli omitted 

Fic. 2. Dictya atlantica, 1 erkins Mills, Que ‘ifth (55) and sixth 
(65 ternites of male 

Fic. 3. Dictya laurentiana, 1 p., St. Jean Port Joli, Que Terminalia of 
male. PA,—point of attachment of hypandrium to hypopygium; PA,—point of 


ittachment of surstylus to hypopygium Vetsiture of tergite and cerci omitted 
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Abnormis Group 
Although very similar to more typical species in most respects, 
these forms of peripheral distribution have a few characters which 


et them off he longer, shining second antennal segment and the 


large parafrontal spots are mentioned in the key; in two of the species 
D. guatemalana and D. insularis) the mid-facial spot is also larger 
and in one of them (D. insularis) there is a pair of characteristic black 


pots centered in the depressions mesad of the humeral callosites 


The form of the mal ‘minalia is highly distinctive, especially the 
aberrant formation of the surstyli and the ventral process of the hypo- 
pygium. Since the group is at present known only from one male of 
each of the three species, I have not deemed it advisable to attempt to 
key them nor to distinguish them nomenclaturally 


Plummers Id., 
ited on eighth and nin 


Dictya abnormis Steyskal, new species 
Fig. 4 
Male.—Length of wing,!4.5 mm. Antennae as in figure 4 
Front dull, parafrontal black spots extending 0.32 of the distance 
from orbit to middle of front; orbito-antennal spots brown; mid- 
facial black spot less than 0.2 the width of the medifacies. Thoracic 
dorsum rather evenly irrorate with small dark brown spots at the 


Since tl] nen mu frequently b ved or distorted, I have con- 


dered it advisa te i 1Z h 1 b yiving the wu gz length 





Flies, Genus Dictya 
George C Stevslh 


{ 
Ir 


1b 7C 


Fics. 4-8. Dictya spp. 4, abnormis 
terminalia; B, guatemalana, 1 p., holoty 
sularis, n. sp.; 7, umbroides Curr.; 8, gaiget St 
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bases of the hairs and bristles; presutural bristle as long as the noto- 
pleural: Middle femora posteroventrally with two long slender 
bristles and several closely spaced but slender and rather long bristles 
near apex. Brown reticulation of the wing rather weak posterior to 


second vein. Terminalia as in fig. 4; surstyli not very different from 
the more typical species, but the stem slender and the apical extension 
expanded laterally; pregonite rather slender and gently curved for- 
ward; VPH with a slender digitiform anterior lob 

Holotype, male.—MEXICO, CHIHUAHUA: Sierra Madre, Hd. R. 
Piedras Verdes, about 7300 feet (Townsend), no. 51611, USNM 


Dictya guatemalana Steyskal, new species 
Fig 5 


, 


Male.—Length of wing, 4.7 mm. Second antennal segment 1.7 
times as long as high, arista missing. Front shining and somewhat 
swollen anteriorly, dull black parafrontal spots large and oval, extend- 
ing nearly halfway from orbits to middle of front; orbito-antennal 
spots deep black; mid-facial spot one-third the width of medifacies 
Thoracic dorsum rather evenly irrorate with small dark spots at bases 
of hairs and bristles; presutural bristle approximately one-fourth as 
long as notopleural Middle femora posteroventrally with a few 
rather long slender bristles medially and a few short stout bristles near 
apex. Pattern of wing well developed and even. Terminalia as in 
fig. 5; surstyli with wide stem, the apical extension with a long lateral 


lobe and deep emargination in dorsal tip forming a ligulate lobe fringed 
with small bristles; pregonite short, stout, strongly tapering and 
curved forward; VPH without lobes but with small mammiform pro- 
jection on inner side at middle near margin 

Holotype, male. GUATEMALA: “‘Guatemalan forest,”’ 3-4-09 (F 
Knab), no. 61785, USNM 


) 


3. Dictya insularis Steyskal, new species 
(Fig 6,9 


Male.—-Length of wing, 4.1 mm. Antennae as in fig. 6. Front 
dull; parafrontal spots large, nearly round, extending halfway from 
orbits to middle of front; orbito-antennal spots deep black; mid-facial 
abbreviatior ot name ot re pos itorie have been used 


The follow ing 


AMNH—American Museum of Natural NCDA North Carolina Department 
History of Agriculture 

CAS—California Academy of Science RRD—Robert R. Dreisbach collection 

CNC—Canadian National Collection SDAES—South Dakota Agricultural 

COB—Clifford ©. Berg collectior Experiment Station 

CSC—Colorado Agricultural and Me rTAES—Texas Agricultural Experiment 
chanical College Station 

CWS—Curtis W. Sabrosky collection 9. Iniv ity of Alberta 

EH—Elton Hansens collection UAE Jtah Agricultural Experiment 

GCS—George C. Steyskal collectior tation 

INHS—Illinois Natural History Survey UMMZ—University of Michigan Muse 

IWC—lIowa Wesleyan College um of Zoolog\ 

KU—Kansa University Snow, Et USNM—United State National Mu 
tomological Museun eum 

MSC Michigan State College 





PLATE III 


14 


Fics. 9-14. Dictya sp / minalia: 9, insularis, 1 p. holotype; 10, plya 
rion, n. Sp., paratype—tip of abdomen in retracted conditior cale 7); 11, dem 
holotype; 12, umbrarum (L.) ? indenburg Prov., Germar yregonite; 13, ? sp 
Orlando, Fla., female; 14, umbrarum (L.) 2, Borkum, Germar f | 


52] 
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pot a little more than one-third width of medifacies. Thoracic dorsum 
not irrotate but with several large brown blotches and a roundish deep 
black spot centered in each depression mesad of humeral calli; pre- 
utural bristle nearly as long as notopleurals. Middle femora poster- 
oventrally without long hairs but with about six short stout bristles 
near apex. Pattern of wing well developed and even. Terminalia 
as in fig. 9; surstyli with slender stem, apical extension sinuate and 
turned mesad beyond middle; pregonite thick at base, then suddenly 
constricted anteriorly and curved forward; VPH bilobate, each lobe 
of equal width, the anterior lobe the longer and more pointed; para- 
anal lobes very large and furnished with unusually long hairs 

Holotype, male.—-PUERTO RICO: Santurce, 5-25-34, Hibiscus sp., 
Faxon Mills, Anderson, San Juan no. 5516, no. 61786, USNM 


b. Ptyarion Group 


The development of the last apparent sternite in D. ptyarion is 
reminiscent of the condition in Hoplodictya, although the apical teeth 
are not developed, nor are present any of the other characteristics of 
that genus, such as the two heavy bristles on the second antennal 
epment the anterior frontal bristle, etc 


!. Dictya ptyarion Steyskal, new species 
(Figs. 10, 11) 


Male.—Length of wing, 3.9to 4.2mm. Second segment of antennae 
in lateral view square, wholly pruinose; arista with long hairs (very 
much as in fig. 6). Front dull, uniformly yellowish, without orbito- 
antennal or parafrontal spots; mid-facial spot very small. Thoracic 
dorsum not irrorate, but with four rows of elongate brown blotches; 
presutural bristle approximately half as long as notopleurals. Middle 
femora posteroventrally with moderately long hairs, a few of which at 
knee are somewhat stouter and shorter. Pattern of wing well developed 
and even. Tip of abdomen as in fig. 10; ultimate apparent sternite 
(fourth) elongated and scoop-like, completely underlying the terminalia, 
fourth tergite hidden. Terminalia as in fig. 11; surstyli of peculiar 
shape, pale yellowish, with tooth laterally as base of apical extension, 
medial lappet, and group of apically directed stiff bristles near apex of 
dorsal margin; pregonite rather small, slender and curved forward to 
sharply pointed tip; VPH with long, obliquely truncate anterior lobe 
well divided from shorter, rounded posterior lobe 

Holotype, male.-NORTH CAROLINA: Wendell, May 30, 1933 
(C. S. Brimley), no. 61787, USNM 

Paratype, male—NORTH CAROLINA: Raleigh, April 4, 1938 (C. 5S. 
Brimley), USNM (head lacking) 


c. Typical Group 


The members of main body of the genus all have a dull front with 
very small or no parafrontal spots, mid-facial spot not more than 0.25 
the width of the parafacies, thoracic dorsum more or less irrorate and 
with rows of brown blotches, and presutural bristle well over half the 
length of the notopleurals. The wing pattern and the color of the legs 





Fics. 15-16. Dictya spp. Male terminalia: 15, atlantica 
Park, Md.; I6a, borealts Curr Bator oug wa.; 16b, den 
urstyli; l6c, idem, hypandrium with t t ! 
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to species. In the male, the 
middle femora posteroventrally always have somewhat larger and longer 


bristles, of which a few near the apex are shorter and more closely 


IS monotonou uniform from species 


paced 

It is difficult to recognize subgroups, especially since the female 
characters of several species are unknown. However, D. umbroides, 
D. montana, D. laurentiana, and D. gaigei are apparently closely related; 
they appear to be closest of all to D. umbrarum as identified by Curran 


D. mexicana and D. atlantica are also undoubtedly close to each other 


Dictya atlantica St« yskal, new spe cies 

Figs. 2, 15 
of wing, 4.6 to 5.56 mm. Terminalia as in fig. 15; 
| tip scarcely produced, rounded, with moderately 


Male Li ngth 


urstyli with dorsa 


dense hairs and small bristles; pregonite flared at tip and turned ante- 


rolaterally, in anterior view with angulate hump just basad of pre- 
terminal lobe; VPH with broad but very short anterior lobe and very 


small posterior lobe Fourth and fifth sternites as in fig. 2, typical ol 


all species in this group 

Holotype, male. VIRGINIA: Dead Run, Fairfax County, February 
18, 1913 (R. C. Shannon), no. 51613, USNM. 

Paralypes, male..-MASSACHUSETTS: Beverly, June 15, 1876 (Bur- 
gess), USNM. MARYLAND: Takoma Park, March 18, 1944 (H. K. 
Townes), USNM. Missouri: Sulphur Springs, October 18, 1926 

) 


(Satterthwaite), USNM. QUEBEC Perkins Mills, August 25, 1949 
(G. E. Shewell), CNC 


6. Dictya borealis Curran 
Figs. 16a, b, c; 45 
Dictya borealis Curran, 1932, Amer. Mus. Novitates 517:6; Brimley, 1938, Insect 


No ( iroli i 379; Jaque 1939 Proc lowa Acad Sci 45 283 


Male.—Length of wing, 4.6 to 5.6 mm. Terminalia as in figs. 16a, 
b, and ¢c; surstyli with dorsal tip forming a separate lobe bearing a 
tuft of stiff bristles directed posterad; pregonite simple, with minute 


antero-api al point; VPH with rather acute posterior lobe, without 


anterior lobe 

Female -Terminalia as in fig. 45; sixth sternite shallowly concave 
posteriorly and there somewhat broader than anteriorly; seventh 
sternite short and broad, with small sublateral emarginations anteriorly ; 
eighth sternite with shallowly concave posterior margin; ninth sternite 
with very narrow shelf and a pair of curved, projecting laminae 

Curran’s figure of the eighth sternite is inadequate and the females 
which he cites are not from the same localities as the males, with 
the exception of a pair from Maryfield, Saskatchewan. I have seen 
the male of that pair, labeled paratype, but a female with the same 
collection data is D. expansa. A female paratype from Port Hope, 
Ontario, is D. laurentiana. The paratype from Saskatoon cited by 
Curran (and other Saskatoon females) are of a type different from 
all other regional species. On that basis I am identifying this latter 
material as D. borealis 
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Curran cites males from Manitoba (including the holotype from 
sirtle) and Saskatchewan. I have seen specimens from the following 
localities 

ALBERTA: Banff (CNC SASKATCHEWAN: Maryfield; Saskatoon 
(including paratypes, CNC). MANITOBA: Teulon; Winnipeg (CNC). 
ONTARIO: Fort William; Bruce Peninsula (GCS); Emo (CNC). souTH 
DAKOTA: Brookings; Canton; Capa; Garretson (SDAES). 1towa: Ames 
(CNC); Henry and Howard Counties (IWC). ARKANSAS: Washing- 
ton County (USNM). ILuiNots: Elizabeth; Seymour (INHS). MIcH- 
IGAN: Berrien, Ingham, Kalamazoo, Midland, St. Joseph, and Wayne 
Counties; Isle Royale (CWS, GCS, MCS, RRD NORTH CAROLINA 
Raleigh (NCDA 


Dictya brimleyi Steyskal, new species 
Fig. 17 
Dictya confusa Malloch (nomen nudum), Wray, 1950, Insects No. Carolina: 32 


Male.—Length of wing, 4.1 to 4.5 mm. Terminalia as in fig. 17; 
surstyli with dorsal tip but little produced, lateral line steep; pre- 
gonite with deep emargination at base anteriorly. slender and straight 
with strongly curved, very sharp tip; VPH with posterior lobe short, 
without anterior lobe, margin sloping anteriorly 

Holotype, male.--NORTH CAROLINA: Raleigh, May 18, 1921 (C. S. 
Brimley), no. 61788, USNM. Paratypes, male.—-NORTH CAROLINA: 
Raleigh, April 4, 1933 (C. S. Brimley), USNM; Raleigh, May 6, 1925, 
June 8, 1927 (C. S. Brimley), GCS; ALABAMA: Houston Count: 
Chattahoochee State Park, March 24, 1954 (Geo. Steyskal), UMMZ;: 
GEORGIA: Seminole County, Sealey’s Spring, district 21, lot 235, 
March 21, 1954 (Geo. Stevskal), UMMZ: FLORIDA Gadsden County, 
Apalachicola River bottomlands at Chattahoochee, March 15, 1954 
(Geo. Steyskal), UMMZ; Jackson County, near Marianna, March 24, 
1954 (Geo. Steyskal), UMMZ, GCS 


S. Dictya expansa Steyskal 


Figs. 22, 42 


Dictya expansa Steyskal, 19388, Occ: Pap. Mu Zool. Univ. Michigan 386:9; 
f af ! ! 
Jaques, 1939, Proc. lowa Acad. S« 45:283; Knowlton, Harmston, and Stair 
1939, Utah Agri Expt ota Mimeogr Ser. 200 (Tech 5 pt 5:12 


Male Length of wing, 4.9 to 5.4 mm. Terminalia as in fig. 22: 
the flat face at tip of pregonite characteristi Dictya pictipes, D 
stricta, and D. expansa, are similar in lateral view of pregonite Dictya 
pictipes. besides its differently shaped pregonite, has a quite different 
surstylus. Dictya stricta has a very narrow pregonite in anterior view 
and narrower posterior lobe of VPH 

Female Length of wing, 5.7 to 5.9 mm. Terminalia as in fig 
12; eighth sternite with well separated pair of pointed lobes; seventh 
sternite anteriorly with two deep emarginations; ninth sternite with 
characteristic shelf, most produced in middle, sometimes angularly and 
sometimes arcuately, also more or less produced at each end. Identified 
on the basis of a pair taken in copula at Kazabazua, Quebec, and some 
of both sexes from Oliver, British Columbia 





PLATE V1 


GS. 24-28. Dictya spp. Male terminali 
Alaska; 25, texensis Curr., Great Falls, 


i ) 
Bi pictipes Lw.), Lake Forest, I1].; 2 mexicar 
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I have seen material (including the types) from the following lo- 
calitie 

BRITISH COLUMBIA: Oliver; Summerland; Vernon (CNC). sAs- 
KATCHEWAN: Bateman; Maryfield (paratype of D. borealis); Pheasant 
Creek, Saskatoon: Swift Current: Waskesiu (CNC). MANITOBA 
Aweme; Teulon (CNC). ONTARIO: Jordan; Norway Point, Lake of 
Bays; Orillia; Ottawa; Point Pelee(CNC); Seeley Bay (GCS); QUEBEC: 
Abbotsford; Hemmingford; Kazabazua; Knowlton; Lac Bernard: 
Natashquan; Norway Bay; Perkins Mills (CNC); Rigaud (J. Ouellet 
Colln.) WASHINGTON: Pullman (UAES). utTan: Moab (UAES). 
COLORADO: Tennessee Pass (USNM). souTH DAKOTA: Brookings; 
Canton; Dell Rapids; Jefferson (SDAES). KANsAs: Lawrence; Onaga 
(USNM); Manhattan; Medora; Stafford County (CWS). TExXAs 
Plainview (TAES). MINNESOTA: Ramsey County (USNM). Iowa: 
Ames (CNC, USNM); Dickinson and Henry Counties (IWC). ARKAN- 
sAs: Washington County (USNM). ILLINOIS: Chicago; Lake Forest 
(USNM). MICHIGAN: Berrien, Cheboygan, Huron, Ingham, Iosco, 
Kent, Keweenaw, Livingston, Macomb, Mason, Saginaw, Washtenaw, 
and Wayne Counties; Isle Royale (EH, CWS, GCS, KU, MSC, RRD, 
UMMZ). Holotype from Detroit. INDIANA: Lafayette (USNM). 
on1o: Delaware (COB). PENNSYLVANIA: Spring Branch (USNM). 
NEW YORK: Flatbush and Riverhead, Long Island (AMNH, USNM). 
NEW JERSEY: Salt Meadows (AMNH). NORTH CAROLINA: Raleigh 
(NCDA). GEORGIA: Stone Mountain (USNM). 


9. Dictya floridensis Steyskal, new species 
(Fig. 18 

Dictya lobifera Curran (misidentification), Brimley, 1938, Insects North Caro 

lina: 379 

Male.—-Length of wing, 4.4 to 4.7 mm. Terminalia as in fig. 18; 
surstyli with rounded apex, dorsal tip not produced, lateral line steep; 
pregonite straight, with very short preterminal lobe and acute apex; 
VPH with narrow and pointed anterior lobe which is nearly as long as 
broader, rounded posterior lobe 

Female.—Not known, but species represented by 
this species 

Holotype, male. FLORIDA Indian River County, February 12, 
1937, no. 61789, USNM.  Paralypes, male.—-FLORIDA: same as _ holo- 
type, Feb. 14 and March 3, 1937, USNM; Jackson County, near 
Marianna, March 24, 1954 (Geo. Steyskal), GCS: GEORGIA Decatur 
County, 3.1 miles southwest of Faceville, March 18, 1954 (Geo. 
Stevskal), UMMZ. 

Also known from NORTH CAROLINA: Raleigh, June 7, 1933 (C. S 
Brimley), misidentified as D. lobifera Curran, NCDA 


fig. 13 may be 


10. Dictya gaigei Steyskal 
(Figs. 8, 30, 31, 41) 
Dictya gaigei Steyskal, 1938, Occas. Pap. Mus. Zool. Univ. Michigan 386:9 
Male.—Length of wing, 4.5 to 5.0 mm. Terminalia as in figs. 30 
and 31; surstyli with dorsal tip but slightly projecting, latteral line 





Flies, Genus Dictya PLATE VII 
George C. Steyskal 


0.4. mm 
——S ene | 


Fics. 29-33 Dictya spp Male terminalia: 29, laurentiana, n. p., St Jean 
Port Joli, Que pregonite and surstylus; 30, gaiget Steys., losco Co., Mich.; 31, 
idem, paratype, Huron Co., Mich.: 32, montana, 1 p., Whitebird, Ida.: 33. idem, 
Vernal Canyon, Utah 
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steep; pregonite straight, inclined toward opposite pregonite, tip with 
very small anteriorly directed point, without preterminal lobe; VPH 
with moderate posterior lobe. Antennae as in fig. 8 

Female._Length of wing, 5.1 to 5.4 mm. Sternites as in fig. 41; 
seventh sternite with two deep emarginations anteriorly; eighth sternite 
shallowly concave on posterior margin; ninth sternite with well de- 
veloped anterior shelf which is arcuately emarginate in its median 
third and which has crescentic dark markings on each lateral third, 
but no teeth 

I have seen the following material, including types 

MICHIGAN: Bay County (Bay City State Park); Charlevoix County, 
Hog Island (UMMZ); Cheboygan County (KU); Huron County, Sand 
Point (holotype, UMMZ); losco County, Tawas City (GCS, RRD); 
Mackinac County, St. Ignace, St. Helena Island, and Mackinac Island 
(GCS, RRD, UMMZ); Menominee County (RRD); Midland County 
(RRD): Traverse City (CWS) 

The majority of these records are from the shores of the Great 
Lake I took a series from emergent vegetation in pools on the sandy 
shore of Tawas Point, losco County 


11. Dictya hudsonica Steyskal, new species 
(Figs. 20, 34 
Male.—Length of wing, 4.1 mm. Prosternum with a few bristly 
hairs. Terminalia as in fig. 20; surstyli with dorsal tip moderately 
produced, angulate, pregonite slender, narrow, long, with preterminal 
lobe, the distance from tip of which to apex of pregonite is one-third 
length of pregonite; VPH with narrow posterior lobe 
Female.—Length, 4.9 mm. Prosternum with hairs. Sternites as 
in fig. 34; seventh sternite with moderate anterior emarginations, the 
median lobe broad; eighth sternite with moderately deep sinuate emar- 
gination on posterior edge; ninth sternite with anterior shelf broader 
than remainder of sternite, without teeth 
Holotype, male, and alloty pe, female OUEBE( Great Whale River 
(east shore of Hudson Bay, approx. 55° 20’ N. lat.), June 24, 1949 
(J. R. Vockeroth), CNC 
12. Dictya incisa Curran 
Fig 26, 37 


Dictya incisa Curran, 1932, Amer. Mus. Novitates 517:6 
Dictya incisia (sic) (Curran) Knowlton, Harm n, and Stains, 1939, Utah Agri 
Expt. Sta. Mimeogr. Ser. 200 (Tech.), pt. 5:12 


Male.—Length of wing, 4.7 mm. Terminalia as in fig. 26; sur- 


EXPLANATION OF PLATE VIII 


Fics. 34-44. Dictya *emal rminal sternites, with posteroventral 
inth ternite a how! I eventh and eighth sternites only 34, 


ew of nin 
hudsonica, 1 p. allotype; 35, mexicana, 1 p., allotype; 36, sabroskyi Steys., para 
Manhattan, Kar 37, incisa Curr., St. Xavier Miss., Ariz.; 38, laurentiana, 


+ 


tvpe, i 
n ie Ste. Anne de Beaupré, Que. (dotted line on ninth sternite indicates exten 
of emargination in St. Jean and Rupert House specimens); 39, montana, n. sp 
Paradise Cove, Calif.; 40, wmbroides Curr., Matanuska V., Alaska; 41, gaigei Stey 

losco Co., Mich.; 42, expansa Steys., Oliver, B. C ; 43, stricta Steys., Covey Hill, 


Ouse 44, pictipes (Lw.), Knowltor Oue 
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styli with apical extension rather short, dorsal tip well produced, angu- 
late; pregonite crooked, turned laterad, with small preterminal lobe, 
apex rounded; VPH with broad posterior lobe 

Female.—Length of wing, 5.7 to 6.0 mm. Sternites as in fig. 37; 
seventh sternite with broad and deep emarginations anteriorly; eighth 
sternite shallowly and broadly concave on posterior margin; ninth 
sternite with anterior margin not developed as a shelf, but with a 
pair of short lateral teeth and a pair of approximately 90° anterior 
teeth. Identified from a pair from St. Xavier Mission, Tucson, Arizona. 

The following records are known to me. I have seen all except 
the holotype 

ARIZONA: G. Zuni River (type and paratype, AMNH); St. Xavier 
Mission, Tucson, (CAS). NEW MEXICO: Chaves and Socorro Counties 
(USNM). vutTaAn: Leeds; Mirror Lake; St. George; Spanish Fork; 
Uintah Mountains (GCS, UAES). WaAsHINGTON: Yakima (CAS). 


Dictya laurentiana Steyskal, new species 
(Figs. 3, 29, 38) 


Male.—Length of wing, 4.6 to 5.6 mm. (average of 32 specimens, 
1.93 mm.). Terminalia as in figs. 3 and 29; surstyli with dorsal tip 
considerably produced; pregonite robust, nearly straight to strongly 
hooked tip, well inclined mesad toward opposite pregonite in anterior 
view; VPH with posterior lobe well developed. Prosternum with a 
few hairs in about half of the specimens from Rupert House 

Female.—Length of wing, 4.9 to 6.0 mm. (average of 15 specimens, 
5.52 mm.). Sternites as in fig. 38; seventh sternite with moderately 
deep and broad emarginations; eighth sternite very shallowly con- 
cave on posterior margin; ninth sternite with anterior shelf, more or 
less concave along middle of anterior margin, with a pair of small 
sublateral teeth i 

Holotype, male, and allotype, female:—QUEBEC: Ste. Anne de 
Beaupré, July 31, 1952 (G.Steyskal), CNC. 

Paratypes, both sexes: ONTARIO: Coldstream, May 23, 1922 (A.A 
Wood); Mer Bleue, May 10, 1938 (G. E. Shewell) ; Moose Factory, Sept. 
11, 1949 (J. R. Vockeroth); Port Hope, May 30, 1897 (W. Metcalfe), 
paratype of D. borealis; Southampton, Aug. 19, 1928, Oct. 5. 1935, 
Aug. 10, 1945 (G. S. Walley), CNC. QuEBEC: Same data as holo- 
type, CNC, GCS; St. Jean Port Joli, July 31, 1952 (G. Steyskal), 
GCS, USNM; Rupert House (James Bay), June 16 to August 7, 1949 
(D. P. Gray, E. J. LeRoux), CNC, GCS; Beech Grove, July 18, 1951 
(J. F. McAlpine), CNC. MicuiGAN: Mackinac County, St. Ignace, 
June 10, 1922 (S. Moore), UMMZ. New york: Cold Spring Harbor, 
Long Island, July 21, 1903, USNM. NEw JERSEY: Leonia, May 13, 
1915 (E. R. Kalmbach), USNM; Orange Mountains, July (Weidt), 
paratype of D. lobifera, CNC. MARYLAND: Salisbury, June 30, 1924 
(D. H. Blake), USNM. virGinia: Dyke, July 16, 1915 (W. L. Mc 
Atee); Rosslyn, Oct., 1903 (E. S. G. Titus), USNM. 

Care must be used to distinguish D. laurentiana from D. umbroides 
and D. gaigei; D. montana is close, but apparently not sympatric. 

I took the Ste. Anne series among lush vegetation along the shore 
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of the St. Lawrence River, and the St Jean series by sweeping sedge 
growing in pools in the flat rocky south shore of the same river 


14. Dictya lobifera Curran 
(Fig. 19 
Dictya lobifera Curran, 1932, Amer. Mus. Novitates 517: 6 


Male.—Length of wing, 4.5 to 5.0 mm. Terminalia as in fig. 19; 
surstyli with dorsal tip moderately produced, angulate, preceded by 
deep emargination; pregonite with narrow preterminal lobe projecting 
at right angles, anterior margin of pregonite in lateral view strongly 
sloping, posterior margin vertical, with basal emargination; VPH with 
small but well produced posterior lobe 


45 Dictya horealht Curran, pa katoon, Sask ixth and following 


tern te of female 


None of Curran’s femal specimens was collected at the same lo 
cality as his single male. In view of the presence of D. floridensis i1 
Florida, his association of females must be doubted The female para 
type from Orange Mountains, New Jersey, has been referred to D 
laurenliana. See also the sternite 
as shown in fig. 13 

The North Carolina record cited under D. floridensis was based 
upon a now incomprehensible misdeterminatior 

The holotype male and the material which I have 
the following localities: 

FLORIDA: Ormond (holotype, AMNH). virGinia: Difficult Run 
(USNM). MARYLAND: Piney Point (CWS NEW JERSEY: Stone 
Harbor (USNM) 


s of a specimen from Orlando, Florida 


are tron 
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15. Dictya mexicana Steyskal, new species 
Figs. 28, 35 


Male.—Length of wing, 4.8 to 4.9 mm. Terminalia as in fig. 28; 
urstyli with dorsal tip rather short and rounded and with moderately 
long and erect bristles; pregonite with preterminal lobe acute in lateral 
view, at a considerable distance from apex, and somewhat turned later- 
ally, in anterior view with a low hump some distance basad of preterminal 
lobe; VPH with fairly long and pointed posterior lobe. 

Female.—Length of wing, 5.0 mm. _ Sternites as in fig. 35; seventh 
sternite with anterior margin straight, but interrupted by two rather 
deep emarginations; eighth sternite narrow and long, nearly divided 
by a deep U-shaped emargination; ninth sternite without shelf, but 
with a pair of short sublateral teeth lying against the sternite and 
directed posterad 

Holotype, male, allotype, female, and two male paratypes:—MEXICO, 
rAMAULIPAS: Hacienda Santa Engracia (vic. Ciudad Victoria), 1-7-41 
(G. E. Bohart), CAS 


16. Dictya montana Steyskal, new species 
(Figs. 1, 32, 33, 39 
Dictya umbriodes (sic) (Curran) Knowlton, Harmston, and Stains, 1939, Utah 

Agric. Expt. Sta. Mimeogr. Ser. 200 (Tech.), pt. 5:12 
Dictya umbroides (Curran) Strickland, 1938, Canad. Jour. Res. 16 (D): 207; 1946, 

op. cit. 24 (D): 168 

Male.—Length of wing, 4.2 to 5.8 mm. (average of 39 specimens, 
5.3 .mm.). Terminalia as in figs. 1, 32, and 33; surstyli with dorsal 
tip well produced, decidedly and sometimes acutely angulate; pre- 
gonite without preterminal lobe, apex with small point directed an- 
teriorly; VPH with posterior lobe very short and narrow 

Female.—Length of wing, 5.5 to 6.4 mm. (average of 17 specimens, 
6.04 mm.). Sternites as in fig. 39; seventh sternite broad and short, 
with two relatively shallow emarginations, the middle lobe with squarely 
truncate or even slightly concave anterior margin; eighth sternite 
shallowly concave, without distinct lobes; ninth sternite with well 
developed shelf, without teeth but with rolled posterolateral flanges 
and with arcuate emargination in median third 

My determinations of D. umbroides Curran, prior to December, 
1952, and including those of the material cited in the above references, 
actually refer to this species. Care must be exercised in distinquishing 
D. montana from D. umbroides; D. laureniiana is also close, but ap- 
parently does not occur with D. montana. 

Holotype, male, allotype, female, and paratypes of both sexes 
CALIFORNIA: Marin County, Paradise Cove, July 21 (holotype), July 
20 (allotype), July 14, 19, 27, 1946, April 24, 1947 (paratypes) (E. L 
Kessel), CAS. BRITISH COLUMBIA: Agassiz, July 24, 1922, May 4, 
1927 (R. Glendenning); Goldstream, Aug. 4, 1927 (W. Downes); Vic- 
toria, July 29, 1922 (W. B. Anderson), CNC. SASKATCHEWAN: Sas- 
katoon, August 17, 1940 (A. R. Brooks), CNC. CALIFORNIA: AI- 
turas, Modoc County, July 9, 1922 (C. L. Fox); Alvarado, Alameda 
County, April 12, 1931 (E. P. Van Duzee); Big Pine, Inyo County, 
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June 17, 1929 (E. P. Van Duzee); Coffee Creek, Trinity County, 
June 7, 1934 (T. G. H. Aitken), all CAS; Fales Hot Springs, Mono 
County, June 7, 1948 (W. W. Wirth), USNM; Fort Seward, May 22 
and June 3, 1935 (E. O. Essig); Hopland, May 9, 1926 (E. P. Van 
Duzee): Little Lake, Inyo County, June 7, 1929 (E. P. Van Duzee) ; 
San Jacinto, May 29, 1917 (E. P. Van Duzee); Santa Cruz, June 3, 
1919, Sept. 19, 1920 (E. P. Van Duzee); Santa Cruz, July 17, 1940 
(B. Brookman), all CAS; Soquel Creek, Santa Cruz County, Jan. 20, 
1948 (R. Coleman); Stanford University, Jan. 31, 1906, USNM; 15 
mi. w. of Willits, June 16, 1948 (E. L. Kessel); Woodacre, Marin County, 
Sept. 20, 1930 (E. P. Van Duzee), both CAS OREGON: Eagle River, 
Klamath Lake, June 24, 1929 (C. L. Fox), CAS. WASHINGTON: Mount 
Constitution, July 17, 1909 (J. M. Aldrich), USNM; Northbend, King 
County, July 9, 1920 (E. C. Van Dyke), CAS. NeEvADA: Wells, June 
20, 1927 (J. M. Aldrich), USNM. IpAno: Twin Falls, Aug. 27, 1937, 
3700 feet (B. F. Coon): Whitebird, July 3, 1907, both USNM UTAH 
Vernal Canyon, Uintah Mountains, Aug. 18, 1940 (D. G. Hall), USNM 

Also seen from the following localities: 

ALBERTA: Medicine Hat; Nordegg; St. Paul (UA). CALIFORNIA 
Davis; Kelseyville; Marsh Creek, Contra Costa County (R. M. Bohart 
collection). ARIZONA: Bisbee (UAES). rIbAno: Fish Haven; River 
dale (UAES). utTan: Duchesne; Eden; Farmington; Hayden; Hooper; 
Logan; Ogden; Provo; Slaterville (UAES) 


17. Dictya pictipes (Loew) 
(Figs. 27, 44) 

Tetanocera pictipes Loew, 1859, Wien. Entom. Monatschrift 3:292; Monogr. No 
Amer. Dipt., pt. I:111 

Dictya pictipes (Loew) Curran, 1932, Amer. Mus. Novitates 517:4; Winn and Beau 
lieu (revised by Petch and Maltais), 1932, Rept. Quebec Soc. Prot. Plants, 
24, suppl.:67; Steyskal, 1938, Occa Pap. Mus. Zool. Univ. Michigan 386:4; 
Brimley, 1938, Insects No. Carolina: 379; Jaques, 1939, Proc. lowa Acad 
Sei. 45:283. 


5.4 mm. (average of 23 specimens, 


Male.—Length of wing, 4.8 to 
5.2 mm.). Terminalia as in fig. 27; surstyli with dorsal tip forming a 
separate lobe bearing rather long, stiff bristles directed posterad; pre- 
gonite with well developed preterminal lobe arising from near mesal 
margin of pregonite, the lobe projecting at right angles from pregonite 
on basal side, on apical side strongly sloping toward apex; VPH with 
well produced posterior lobe 

Female.—Length of wing, 5.8 to 6.1 mm. Sternites as in fig. 44; 
sixth sternite (not figured) with lateral margins shallowly concave, 
posterior margin slightly wider than anterior margin; seventh sternite 
with rather deep and broad emarginations; eighth sternite narrower 
than ninth, anterior margin of sclerotized portion with single arcuate 
emargination, posterior margin with two well developed lobes; ninth 
sternite without shelf, but with a pair of rather long, acute teeth later 
ally on anterior margin, which also projects a little laterally 

Curran’s figures of the terminalia of this species are apparently 
not very accurate. As I stated in 1938, I concur with Curran in identi 
fying a specimen labeled ‘‘Osten Sacken Collection”’ with D. pictipes 
I have seen that specimen and others from the following localities 
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SASKATCHEWAN; Pheasant Creek; Saskatoon (CNC). MANITOBA 
Westbourne (CNC). ONTARIO: Brockville (CNC): Bruce Peninsula 
(GCS); Ottawa (CNC QUEBEC: Abbotsford; Hemmingford; Knowl- 
ton; Perkins Mills (CNC MONTANA: Ravalli County (UAES) 
COLORADO: Boulder; Olney Springs; Pingree Park; Roggen (CSC) 
SOUTH DAKOTA: Canton (SDAES). towa: Ames (CNC); Chickasaw 
County (IWC). wisconsin: Price County (AMNH). ILLiNots: Cal- 
umet Lake (AMNH); Lake Forest (USNM). MICHIGAN: Jackson, 
Mason, Missaukee, Oceana, and Wayne Counties (CWS, GCS, MSC) 
NEW YORK: Flushing (AMNH); Flatbush and Coney Island, Long 
Island (J. Wilcox Colln.). NEW JERSEY: Morgan; Orange Mountains; 
Snake Hill (AMNH). MAssacuusetTTs: Melrose Highlands (CNC) 
DISTRICT OF COLUMBIA: Washington (USNM; also type _ locality) 
NORTH CAROLINA: Raleigh (NCDA) 


|S. Dictya sabroskyi Steyskal 

(Figs. 21, 36) 
il, 1938, Occas. Pap. Mus. Zool. Univ. Michigan 386:8 
] Jacjue , 1939, Proc. lowa Acad. Sci. 45:283 


Dictya sabroskyi Steysk: 
Dictya sabrosku (Steyska 


Male.—Length of wing, 4.7 to 5.4 mm. Terminalia as in fig. 21; 
surstyli with dorsal tip scarcely produced, rounded; pregonite thin 
mesolaterally, with small, acute, anterobasally directed preterminal 
lobe and truncate apex; VPH with small posterior lobe and a rudiment 
of an anterior lobe 

Female.—Length of wing, 5.5 to 5.9 mm. Sternites as in fig. 36; 
seventh sternite with deep emarginations, the medial lobe rounded; 
eighth sternite strongly bilobate, with deep medial emargination; 
ninth sternite without shelf, but with a pair of lateral teeth on an- 
terior margin, the teeth projecting at right angles to ventral face of 
sternite and each tooth with an approximately 90° point, the anterior 
margin of the sternite also extending laterally as a pair of sharp points 

I have seen material, including the types, from the following lo- 
calities 

SoutuH Dakota: “S.D.”’ (MSC). KANSAS: Manhattan (including 
type, CWS); Ottawa; Saline County; Stafford County (CWS, GCS, 
UMMZ) rEXAS: Brownsville (CWS, USNM); Burleson County; 
College Station (TAES); Dallas County (UMMZ, USNM); Harlingen 
(USNM); Hidalgo County (TAES); McAllen (CWS); Panipa (TAES); 
San Benito (CWS). towa: Benton, Henry, O’Brien, Van Buren, and 
Wright Counties (IWC). MissouRI: Sulphur Springs (USNM).  aAr- 
KANSAS: Washington County (USNM). MICHIGAN: Agricultural Col- 
lege (East Lansing), May 5, 1891 (MSC) 


19. Dictya stricta Steyskal 
(Figs. 23, 43) 
Dictya stricta Steyskal, 19388, Occas. Pap. Mus. Zool. Univ. Michigan 386:10; Wray, 
1950, Insects No. Carolina, 2d suppl. :32 
M ale.—Length of wing, 4.2 to 5.1 mm. (average of 16 specimens, 
1.7 mm.). Terminalia as in fig. 23; surstyli with dorsal tip not much 
produced, rather rounded, without long, posteriorly directed bristles; 
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pregonite thin mesolaterally, with long, acute preterminal lobe; VPH 
with well produced but narrow posterior lobe 

Female.—Length of wing, 5.6 mm. Sternites as in fig. 48; seventh 
sternite broad, with truncate anterior margin interrupted by a pair 
of sublateral, small and irregular emarginations; eighth sternite bilobate, 
with wide V-shaped emargination posteriorly and with deeply arcuate 
anterior margin, bridge between posterior and anterior emargination:s 
very narrow; ninth sternite without shelf, but with a pair of lateral, 
ventrally turned projections and with anterior margin between the 
projections slightly and angularly produced Described from one 
specimen from Covey Hill, Quebec, associated with two males from 
the same locality 

The types and additional specimens from the following localiti 
have been seen 

British CoLuMBIA: Clinton; Vernon (CNC). ONTARIO: Bruce 
Peninsula (GCS); Ottawa; Port Hope (CNC). QurBEc: Abbotsford; 
Covey Hill; Hull; St. Chrysostome (CNC). NEW BRUNSWICK: Greys 
Mills (CNC). KANSAS: Lawrence (USNM). LOUISIANA: Baton Rouge 
(USNM); Winnfield, Winn County (holotype, UMMZ). MissIssiPP! 
Oxford (GCS). MICHIGAN: Lapeer and Livingston Counties (GCS) 
NORTH CAROLINA: Raleigh (NCDA) 


20. Dictya texensis Curran 
(Figs. 25, 3a 

Dictya texensis Curran, 1932, Amer. Mus. Novitates 517:6; Brimley, 1938, Insects 

No. Carolina: 379; Jaques, 1939, Proc. Iowa Acad. Sci. 45:283 

Male.—Length of wing, 4.2 to 5.4 mm. (average of 13 specimens, 
5.1 mm.). Terminalia as in fig. 25; surstyli with dorsal tip rather 
angulate, but little produced, extending a considerable distance back 
from apex, which is of hyperbolic outline; lateral line of surstyli strong], 
sinuate; pregonite with slight anterobasal projection, without preterm- 
inal lobe, but with broad anterior blade-like flange and with apex turned 
forward; VPH with posterior margin turned mesad and directed some 
what posteriorly at apex, the posterior lobe sloping anteriorly 

Female.—Length of wing, 5.9 mm. Tip of abdomen as in fig. 8a; 
seventh sternite with broad and deep emarginations anteriorly, the 
medial lobe rounded; eighth sternite somewhat wider apically than 
basally, posterior margin slightly sinuate, anterior margin deeply 
concave; ninth sternite with very narrow shelf and a pair of small 
sublateral teeth lying somewhat against the posterior part of the sternite 
Described from two specimens, both associated with males, from 
Great Falls, Va., and Saline Co., Kansas, respectively 

The types and the material I have seen are from the following 
localities 

New Mexico: LasCruces(USNM). souTtTH DAKOTA: Hot Springs; 
Rapid City; Spearfish (GCS, SDAES). KANSAs: Saline County (GCS); 
Stafford County, salt flats (GCS, USNM). TexAs: Austin (holotype, 
AMNH); Canadian (USNM); Castroville; College Station (TAES); 
Crystal City; Del Rio, San Felipe Creek (USNM); Dimmit County 
(TAES); Uvalde (USNM). towa: Dickinson and Henry Countie: 
(IWC). MIssouRI: Sulphur Springs (USNM); Van Buren (UMMZ) 
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MICHIGAN: Ann Arbor; Grosse Ile (GCS). Mississippi: Oxford (GCS) 
MASSACHUSETTS: Boston (USNM NEW JERSEY: Morgan (female 
paratype, AMNH). MARYLAND: Cabin John Bridge; Chain Bridge; 
re Park: near Plummers Island (USNM). virGinia: Great 


1 
OMe 


C 
Falls (USNM NORTH CAROLINA: Raleigh (NCDA) 


21. Dictya umbrarum (Linnaeus) 

Vusca umbrarum Linnaeus, 1761, Fauna Suecica: 1864 
Dictya umbrarum Meigen, 1803, Illis Mag. 2:277; Curran, 1932, Amer. Mu 

Novitates 517:3; Séguy, 1934, Fau le France 28: 281; Sack, 1934, in Lindner, 

Die Fliegen d. pal. Region, fasc. | 

The information available to me concerning the palaearctic species 

ts in the figures of the pregonite and female eighth sternite of 

material from Meiningen, Germany, given by Curran (1932); a male 
from Brandenburg Province, Germany, the pregonite of which I sketched 
in 1936 and which is represented in fig. 12; and three females from 
Borkum (East Frisian Islands), Germany, of which I present a figure 
of the sternites (fig. 14). The Brandenburg pregonite is very suggestive 
of D. montana, but the prosternum of the specimen has hairs. The 
figures of the Meiningen material seem to refer to a male of a different 
pecies than the Brandenburg one, and the Borkum female is certainly 
different from Curran’s figure. The Borkum material lacks prosternal 
hairs; the eighth sternite is fused with the seventh and between the 
apodemes, which are visible externally as dark marks, is thin and bare; 
the seventh sternite medially has long hairs which extend beyond the 
posterior margin of the eighth sternite; the ninth sternite has a pair of 
antero-lateral teeth, but no shelf. 

Identification of D. umbrarum must await examination of the type, 
which is stated by Sack to be a male in the Paris Museum 

The material from Monterey, California, mentioned by Curran, is 
very likely D. montana. It is unlikely that any of the numerous ref- 
ences to D. umbrarum in North America actually refer to that species 


Dictya umbroides Curran 
(Figs. 7, 24, 40 
Dictya umbroides Curran, 1932, Amer. Mus. Novitates 517:4; Petch and Maltai 
n.d., errata and additions to Winn and Beaulieu, Rept. Quebec Soc. Prot 
Plants, 24, suppl.:1 
Dictya currani Steyskal, 1938, Canadian Entom. 71:78. New synonym 
Dictya umbroides or umbriode ‘an) Strickland; also Knowlton, Harmston, 
d Stain ee D. montana 


] 


Both sexes have at least a few bristly hairs on the prosternum 
Male Length of wing, 4.0 to 4.7 mm. (average of 25 specimens, 
Terminalia as in fig. 24; surstyli with strongly produced, 
angulate dorsal tip; pregonite strongly curved forward, with narrow 
and thin anterior flange; VPH with short and narrow posterior lobe 
Female.-—Length of wing, 4.3 to 5.8 mm. (average of 16 specimens, 
5.0 mm Sternites as in fig. 40; seventh sternite broad, with pair 
of moderate emarginations close to lateral margins; eighth sternite 
with rather shallow posterior emargination; ninth sternite with wide an- 
terior shelf, which has broad but shallow median emargination and 


mall sublateral denticles 
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Examination of paratopotypes has confirmed Curran’s association 
of the sexes. The holotype is from Banff. I have seen material from 
the following localities. 

ALASKA: Matanuska Valley (COB, GCS, USNM). BriTISH co 
LUMBIA: Alaska Highway near northern border (COB); Agassiz; 
Oliver (CNC). NORTHWEST TERRITORIES: Norman Wells; Yellow- 
knife (CNC). ALBERTA: Banff (CNC). SASKATCHEWAN Atton’s 
Lake; Dundurn; Pheasant Creek (CNC). MANITOBA: Churchill; 
Gillam; Goodlands (CNC). ONTARIO: Miner’s Bay; Ottawa (CNC) 
QUEBEC: Great Whale River; Hull; Kazabazua; Natashquan; Perkins 
Mills; Port Harrison; Thunder River (CNC). NEWFOUNDLAND 
Harmon Field (CNC). CoLorRAbo: Platte Canyon, near Idlewild 
(USNM). mMiIcHIGAN: Isle Royale (CWS, GCS, AMNH, RRD) 

It is difficult to acknowledge properly the kind assistance so many 
have extended during the past fifteen years, but Curtis W. Sabrosky 
and Guy E. Shewell must especially be mentioned, and most of all 
C. H. Curran’s generosity in the early part of my work. 
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ERRATA 
In the article, ‘‘The Inheritance of DDT-Resistar n the house fly 
1954, Annals, the following corrections should be n 
Page 211, fig. 1: Cro I in the legend should hi: i solid line 
not a broken line ( Cross II in the legend should have a broker 
( and nol a solid line | 
Page 212, fig. 2. Cross I and cross II in the figure should be reversed. Read 
ing trom top to bottom in the legend of the figure, the following should ; ppear 
Non re 
Cro I] 
Cro ] 
DDT-Re 


Page 213, Table II Cross I and cro li in table should be 
reversed. Cross I should indicate the more resistat while cross II should 
indicate the le resistant group 
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GRUNDRISS DER INSEKTENKUNDE, third, enlarged edition, by HERMANN 
WEBER. Pp. xi + 428, 220 figure Gustav Fischer Verlag, Stuttgart, 1954 
Probably no other entomologist than Professor Weber would be capable of 
writing this book, which is not only a third and expanded edition of his Grundriss 
der Insektenkunde, but is an important supplement to his Lehrbuch der Entom 
ologie. The text covers the whole field of our present knowledge of insects, ex 
cept physiology, including embryonic development, anatomy and mechanisms of 
the adult insect, postembryonic development, metamorphosis, sex determination, 
taxonomy, and oecology Because of the large size of the printed pages (45% x 73% 
inches) and the relatively small print these subjects are treated in much greater 
detail than might be supposed from the 428 pages of the book 

The subject matter is divided into three main section The first treats of 
the development, structure, and mechanisms of insects, and is itself divided into 
four subsection The first subsection describes insect embryoni development 
in all its phase The second treats of the body structure and its functions, in 
cluding the body wall the muscle connective tissue, segmentation and scleroti 

ation, the head and its appendages, the thorax, legs and wings, the abdomen, 
dermal glands, the alimentary canal, the sense organs and nervous system, the 
tracheal system, the circulatory system, and the inner reproductive organ The 
third subsection is devoted to postembryonic development and metamorphosi 

The fourth describes postembryonic changes in the insect body. All this occupie 
196 pages and is illustrated with 121 figures, which are mostly groups of pen draw 
ings done in the clear and well-known style of the author 

‘he second major section of the text, including 121 pages with 79 figures, i: 
given to taxonomic classification. Here are described and illustrated the char 
acteristic external and internal anatomical features of the apterygote insects 
ind the various orders of the Pterygota, the latter being subdivided into 12 super- 
order The third major section, on oecology, includes 72 pages with 20 figures, 
and treats of such subjects as egg-laying and care of the brood, social insects, 
parasitism, predatism, symbiosis, insects as disease carriers, protective devices, 
and the various ways in which insects affect, or are affected by, their environ 
ment. Then follows a short Bibliography of important general works on insects, 
and finally a Subject Index in triple columns on 33 pages. 

No other textbook of entomology will give the student such a comprehensive 
and up-to-date review of the fundamentals of insect development, anatomy, meta 
morphosis, and oecology as this third edition of Weber's Grundriss der Insek 
tenkunde R. E. SNODGRASS 


INSECT FACT AND FOLKLORE, by Lucy W. CLAusEN. Pp. xiv + 194, 30 
ketches (unnumbered Macmillan Company, New York. Price, 
$3.50 

One thing which is notably lacking in most books on insects, even those in 
tended for popular consumption, is the human reference. (This same lack is 
apparent also in most of the teac hing of the subject except in ofar as it relates 
to economic aspects.) Dr. Clausen's approach is refreshingly different and in 
teresting in this respect. She gives the fundamentals of entomological informa 
tion for the benefit of the non-specialist (for whom the book is particularly in 
tended), but she weaves into her account a wealth of intere ting material based 
on how insects have inspired the imaginations of peoples, primitive and not so 
primitive, and how they have satisfied their actual and fancied needs Indian 
folklore occupies a prominent place, but by no means to the exclusion or neglect 
of observation and fancy of other pe yple: and of past civ ilizations Fifteen years 
of research in this field have furnished the background for the preparation of 
this book Its value to the prote sional entomologist as a reference source, 1s, 
therefore, as important as its entertainment and informational value to the non 

prote ional reader 
The first chapter, ‘‘Insects Everywhere! "' gives the reader the necessary 
introduction to insect life. The next thirteen chapters discuss insects, by order 
or natural groups within the orders, with, typically, (a) a description of the group, 
the life histories of its members, and some interesting facts about it; (b) folk 


540 





Book Notices 541 


lore, superstition, and anecdotal material; (c) something as to the ways in which 
man has utilized insects, or insects have annoyed or injured man or his welfare 
and (d) a list of proverbs, symbolism, sayings, etc., concerned with the group 
Chapter headings arouse one’s interest; for example, ‘‘Insects in Armor—the 
Beetles’’, ‘‘Doggers of Civilization—the Flies'’, and ‘‘Insect Hypodermi the 
Bugs’’. The last chapter, ‘‘Progress—-Science and Insects’’ attempts to give a 
brief picture of scientific entomology, past and present. A bibliography which, 
together with the index, completes the work, if of especial value because of the 
many references to folklore and superstition of entomological interest 

The critical reader will find some inaccuracies in the text. Also, he might 
feel that the author may have included such material as a consideration of the 
extent to which primitive peoples were aware of insect life around them, as in 
dicated in their art and language. Two recent publications that bear on thi 
latter phase, and which may have been overlooked because of their recency, 
are: Weisel, George F., 1952, Animal names, anatomical terms, and some eth 
nozoology of the Flathead Indians, Jour. Washington Acad. Sci., 42: 345-355, and 
Miller, David, 1952, Insect people of the Maori, The Polynesian Society, Welling 
ton, New Zealand. However, adverse criticism should be indulged in very spat 
ingly. The book is a very fine addition to our entomological literature 


M.T.J 


THE GRASSHOPPERS AND LOCUSTS OF AUSTRALIA, VOL. II, ACRI 
DIDADE, (SUBFAMILY PYRGOMORPHINAE, by JAMes A. G. REHN 
Pp. 270, 32 plates. Commonwealth Scientific and Industrial Research 


Organization, Melbourne. 1953. Price, £2.0.0 
The first volume of this series was announced in the ANNALS, vol. 46, no 
2, p. 313. This is a continuation of the series and follows the same plan. Other 
volumes to follow are promised.—M.T.] 


HISTORICAL ASPECTS OF ORGANIC EVOLUTION, by Puitie G. Foruer 
GILL. Pp. xvii + 427. The Philosophical Library, New York. Price, 
$6.00 


This book is really siginificant in that it approache the study of evolution 
from one of the oldest and most honored standpoints, and yet one which has been 
curiously neglected in this field. It is, as the publishers state, a study of the evolu 
tion of evolution. The author goes back to the beginnings, with a di sion 
of the germs of evolutionary theory in Greek thought and a consideration, in 
some detail, of the moot question as to whether Aristotle was an evolutionist 
Coming then to the modern period, he discusses first the contributions of Buffon 
and the other naturalists, the speculative philosophers, and the natural phil 
osophers. Through Erasmus Darwin, ‘‘the first poet of science we meet with 
since the time of Lucretius’’, the author then passes to the formulative period, 
with a discussion of the contributions of Lamarck, Goethe, Prichard, Cuvier, 
Owen, Lyell and the other paleontologist , and Schleiden and Schwann Thu 
in about a hundred pages, the stage is set for a discussion of the advent of Dar 
winism. 

Darwin's theories are set forth quite concisely What we have here of especial 
value, since it is not to be found in most treatments of the subject, is a considera 
tion of the treatment of Darwin's writings by his contemporarie The “Origin 
of Spec ies’’ created quite a little excitement, not merely in the cientific world; 
the first edition soid out on its first day of publication. Darwinism was advo 
cated by T. H. Huxley, Lyell, and Hooker; it was opposed by Owen and Mivart 
The efforts of his protagonists to popularize and defend his ideas were not without 
unfortunate aspects, since, particularly in the case of Huxley, they resulted in 
some misinterpretation. The contemporary criticisms of Mivart, Jenkins, and 
Korschinsky are considered in some detail, and points of agreement and disagree 
ment between the views of Darwin and Wallace are discussed 

The last part of the text attempts to bring the development of evolutionary 
thought up to date, through the influence of Mendelism, the advances in cyto 
genetics, and the development. of Neo-Lamarckianism and Neo-Darwinism 
The treatment in this part is somewhat different from the preceding, since it at 
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tempts to fulfiill the author’s secondary purpose, ‘‘to present a coherent summary 
of the current situation Dr. Fothergill concludes that this historical 
treatment shows that evolutionary ideas have not yet reached finality; and that 
while the modern approach to its problems is mechanistic (as it must be) it need 
arily be materialist or determinist in its implications; and that thcre 
ound concept of Evolution should conflict with the Christian 


not nec 
is no reason why a 
revelation’’ (Publishers’ comments on the jacket 

The book is clear, readable, interesting, well-planned and scholarly. It 


’deserve é i ; 1 any biologi t book helf M T J 


THE BEHAVIOUR AND SOCIAL LIFE OF HONEYBEES, by Ronacp Rip 
BANDS. Pp. 352, 66 figs., 9 plate: Hale Publishing Co., Hapeville, Georgia, 
and Farrold and Sons, Lmt’d., Norwich, England, 1953. Price, $4.50. 

This is a comprehensive text covering all phases of the behaviour of honeybees 

It is written in a clear and readily understandable style. The subject matter has 

been organized into a logical development consisting of the following parts: ‘‘The 

Roots of Behaviour’’, ‘Individual Behaviour in the Feld’’, ‘‘Communication 

between Honeybees"’, and ‘Life within the Community’’. Throughout these 

ections, the knowledge about honeybees 1 augmented from time to time by com 
parisons with other insects. At the end of many of the chapters, a short summary 
of the salient points and conclusions is provided 

Regarding social life of the bee, Ribbands state evidence ugge 
that social life has evolved in a series of adaptations to a restricted food supply 

He also notes, ‘‘ food transmission helps the community to feed itself, to 

organize itself, and to defend itself, and we know that the special diet provided 

for queens, drones, and larvage helps the community to reproduce itself.’’ Later, 
he theorizes, ‘‘One might gue that the onset of swarming is related to a decline 
in the quantity of the substance, derived from the queen, the circulation of which 
apparently inhibits the development of laying workers and makes the bees be 
have as if queenright.’’ It can be seen from these excerpts that this book will 
be of interest to beekeepers, entomologists, and anyone interested in insects in 


sé ; 


gene ral or honeybees in parti ular 

One of the most fascinating topics discussed is time perception (Chapt. 17) 
Not only have investigators been able to train bees to return to a certain ‘feeding 
tation’ at a specific time each day, but also they have trained them to return to 
different stations at two different times. This phenomenon is based on a 24-hour 
interval and cannot be disrupted by manipulations of the humidity, light or temper 
ature Several workers theorized that honeybee time perception 1s based on an 
internal metabolic rhythm. Results obtained after feeding bees substances which 
would either accelerate or retard metabolism strengthen this view 

A tremendous number of data are digested and analyzed in this book. The 
list of references includes 691 citations, most of which are utilized in the text. A 
total of 454 authors are cited. Von Frisch, Mathilde Hertz, Hess, Wolf, Kratky, 
Bethe, Singh, Park, Anna Maurizio, Dunham, and Huber are a few of the most 
quoted author Ribbands also refers quite often to some of his own work 

This book should prove to be interesting and informative as a text as well 


as useful for a reference CARL JOHANSEN 


Revision of the spider mite family Tetranychidae, by A. Earl Pritchard 
and Edward W. Baker. A world-wide treatment of the ‘‘Red Spiders’ 
(300 pages, 330 figures). Publication, December 1954. Republication 
price, $9.00 


Send orders to: Treasurer, Pacific Coast Entomological Society, Cali 
fornia Academy of Sciences, Golden Gate Park, San Francisco 18, 
California 





ANNALS OF THE ENTOMOLOGICAL SO 


For complete, accurate, 
up-to-date information on 
PARATHION 


and 


MALATHION 


(also known as malathon) 


direct your inquiries to the 
developer of these important 


broad-spectrum insecticides... 


AMERICAN Cyanamid COMPANY 


® 
Manufacturer of jophos Parathion Technical 
and MALATHION Technical 


AGRICULTURAL CHEMICALS DIVISION 
30 Rockefeller Plaza, New York 20, N.Y. 





POMOLOGICAL SOCIETY OF AMERICA 


3 ts a 
Saale) t 


CONTROL THESE INSECTS 


CHLORDANE: Ants, Armyworm, Blister Beetles, Boxelder Bug, Brown Dog Tick, 
Cabbage Maggot, Carpet Beetles, Cattle Lice, Chiggers, Chinch Bug, Cockroaches, 
Crickets, Cutworms, Darkling Beetles, Dog Mange, Earwigs, Fleas, Flies, Grass- 
hoppers, Household Spiders, Japanese Beetle Larvae, Lawn Moths, Lygus Bugs, 
Mole Crickets, Mosquitoes, Onion Maggot, Onion Thrip, Plum Curculio, Sar- 
coptic Mange, Seed Corn Maggot, Sheep Ked, Silverfish, Sod Webworms, South- 
ern Corn Rootworm, Strawberry Crown Borer, Strawberry Weevils, Sweet Clover 
Weevil, Tarnished Plant Bug, Termites, Ticks, Wasps, White Grubs, Wireworms 

and many others 


HEPTACHLOR: Alfalfa Weevil, Ants, Argentine Ant, Black Vine Weevil, Cabbage 
Maggot, Chinch Bug, Clover Weevil, Corn Borer (European), Corn Rootworms, 
Cotton Boll Weevils, Cotton Thrips, Cowpea Curculio, Crickets, Cucumber Beetles, 
Cutworms, European Chafer, Eye Gnats, Flea Beetles, Garden Webworm, Grass- 
hoppers, Japanese Beetle, Leaf Miners, Lygus Bugs, Mormon Cricket, Mosquitoes, 
Narcissus Bulb Fly, Onion Maggot, Onion Thrip, Rapid Plant Bug, Rice Leaf 
Miner, Screwworm, Seed Corn Maggot, Serpentine Leaf Miner, Spittle Bug, 
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